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1. Executive Summary of the Coeur d’Alene Lake and River
(17010303) Sub-basin Assessment and Proposed Total
Maximum Daily Loads

The Coeur d’Alene Lake and River Sub-basin consists of the Coeur d’ Alene Lake and River and
those water bodies which drain directly to the river and the lake. The sub-basin contains 30
water bodies which have been listed as water quality limited on the Section 303(d) Clean Water
Act lists. The beneficial uses of these streams and lakes are generally cold water biota and
primary contact recreation although the river and the lake and a few additional lakes have more
extensive beneficial uses designated in the Idaho water quality standards. These water bodies are
listed for one or more of the following poilutants: bacteria, habitat alteration, nutrients,
sediment, dissolved oxygen, oil and grease, pH and temperature.

The existing data for each of the water bodies is reviewed in the sub-basin assessment. Where
those data were inconclusive, additional data on bacteria, nutrients and temperature were
collected during the summer months of 1999. The sediment generation of the watersheds of
those water bodies listed as limited by excess sedimentation was modeled. Following analysis of
the data and the modeling results, eighteen water bodies in the sub-basin were verified to be
water quality limited by at least one pollutant: eleven for temperature, eight for sediment and one
for bacteria. Fernan Lake was not found limited, but nutrient levels are sufficiently high to
warrant an advisory total maximum daily load (TMDL). The temperature TMDLs have been
deferred by the state until state temperature criteria are fully examined and if necessary adjusted.
The sediment limitations in the upper two segments of the Cocur d’Alene River can practically
be addressed by sediment TMDLs for the North and South Forks of the Coeur d’ Alene River.
Lake Creek, which is sediment limited, is wholly on the Coeur d’Alene Reservation and the lead
agency responsible is EPA.

Proposed total maximum daily loads for sediment were developed for Wolf Lodge Creek
including its tributary Cedar Creck, Cougar Creek, Mica Creek and Latour Creek including its
tributaries Baldy and Larch Creeks. A TMDL for bacteria was developed for Mica Creek.

A thirty-day public comment petiod was provided from November 18 through December 17,
1999. Three letters of comment containing twenty-three substantive comments were received by
the close of the comment period. The draft TMDLs were revised based on the comment
recieved. A responsiveness summary discusses all the comments received.



2. COEUR D’ALENE LAKE AND RIVER SUB-BASIN
(17010303) ASSESSMENT

2.0 Coeur d’Alene Lake and River Sub-basin Water Quality at a Glance

at uali e:
Hydrologic Unit Code.......ouuceoeeeernenen, 17010303
Water Quality Limited Segmenis.......... Coeur d’Alene Lake
and River with several
tributaries
Beneficial Uses Affected....................... Cold Water Biota, Salmonid
, Spawning, Recreation
Pollutants of Concern..........uuueeeune.... Sediment, temperature
Known Land Uses.........coeciivecrccrncrronas Forestry, agriculture, urban

2.0.1 Prologue:

The impacts of the trace (heavy) metals cadmium, lead and zinc have been addressed in assessments
of the Coeur d’Alene River and the Coeur d’ Alene Lake Plan (IDEQ, 1996a; IDEQ, 1998a). Total
maximum daily load documents have been developed for these pollutants (IDEQ, 1998b; IDEQ,
1998c). This sub-basin assessment addresses the non-metallic pollutants of concern. For
background on the lake and the river the reader is referred to the documents cited.

2.1. Characterization of the Watershed

The Coeur d’Alene Lake and River sub-basin {(17010303) inciudes Coeur d’Alene Lake and the
Coeur d’Alene River' and the tributaries to these two water bodies (figure 1). The Coeur d'Alene
River flows from the confluence of the North and South Forks of the Coeur d'Alene Rivers near
Enaville, Idaho westward to its discharge to the Lake Coeur d'Alene near Harrison, Idaho (Figure
1). The City of Coeur d’Alene is located at the northern end of the lake. The Spokane River flows
from the lake outlet into the State of Washington.

2.1.1. Physical and Biological Characteristics

The physical and biological characteristics of the sub-basin are described in the following sections
on climate, hydrology, landform, geology and soils, vegetation, aquatic fauna and cultural impacts.

! The Coeur d’Alene River above the South Fork Coeur d’Alene River was renamed the North Fork Coeur
d’Alene River in 1991. (U.S. Board of Geographic Names, 1991.)
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Figure 1. Coeur d'Alene Laké and River
Sub-basin HUC 17010303




2.1.1.1 Climate

The Coeur d’ Alene Lake sub-basin is located in the Northern Rocky Mountain physiographic region
to the west of the Bitterroot Mountains. Local climates are influenced by both pacific maritime air
masses from the west as weil as continental air masses from Canada to the north. The annual
weather cycle generally consists of cool to warm summers with cold and wet winters. The relative
warmth of summers or winters depends on the dominance of Pacific or continental air masses.
Precipitation is most generous in the winter months. Precipitation takes the form of rain generally
below 3,000 feet of elevation, while it is in the form of snow above 4,500 feet. The transitional zone
between 3,000 and 4,500 feet holds a transient snow pack, which is subject to rapid melt when wet
Pacific air masses predominate. The result of these snow melt events are high discharge rain on
SnOw events.

2.1.1.2. Hydrology

The discharge hydrograph of the Spokane River near Post Falls Idaho and immediately
downstream of the lake outlet is provided in Figure 2. The discharge of the streams of the sub-
basin is dominated by the spring snow melt. The streams draining the Coeur d’Alene and St. Joe
Mountains have watersheds predominantly in the elevation range (3,000 - 4,500 feet) subject to
winter “rain on snow” discharge events. The relative low elevation of the watersheds causes
earlier maximum discharge (mid-March), than from the majority of the watersheds of the North
and South Forks of the Coeur d’Alene River. The immediate watersheds of the river and the lake
are 34.8% of the total watershed. For this reason the river and the lakes’ stage are little affected
by the discharge of these streams.

Figure 2: Mean Monthly Discharge of the Post Falls Station 1995-1999.
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2.1.1.3 Land forms, Geology and Soils

The Coeur d’Alene River flows through a generally broad floodplain ranging from a quarter to one
and three-quarters miles in width, The river and its floodplain are bound on the north by the Coeur
d'Alene Mountains and on the south by the St. Joe Mountains. Coeur d’ Alene Lake is a submerged
river valley impounded initially by the outwash of the Pleistocene Missoulian floods. The lake has
been augmented by the Post Fall Dam. Tributaries to the river and the eastern shore of the lake flow
from the Coeur d’Alene and St. Joe Mountains. Tributaries to the lake from the west flow cither
from the Palouse Hills or from the most southerly mountains of the Selkirk Range.

Eleven lakes and numerous wetlands are located laterally to the river below Rose Lake. The lakes
vary in size, while the wetlands surrounding them are extensive. The lakes and wetlands are
expressions of the high water table of the lower river valley. The lakes are hydrologically
connected to the river by surface channels in all but three cases where the connection is through
the valley aquifer. Large wetlands are found in the valley above Rose Lake, notably in the area
of Cataldo Flats.

The Coeur d’Alene and St. Joe Mountains are composed primarily of Belt Supergroup meta-
sedimentary rocks. This geology weathers to predominantly silt size particles with rounded
cobbles as the primary transitional material found in the higher gradient streams. The Selkirk
Range, from which streams flowing from the northwest drain to the lake, is a granitic formation.
These granite substrates weather to sand. The predominant bedload of these streams is sand. The
surface soils of the Palouse Hills are largely composed of wind blown silt. The soil is underlain
by Columbia River basalt. The basalt is found at the surface near the lake shore. The division
between granitic sands of the Selkirk Range and the silts of the Palouse Hills occurs at the northern
end of the Lake Creek watershed.

Tributaries to the river and lake flowing from the mountains are high gradient streams channels
(Rosgen B), until they reach the valley bottoms. As these streams enter the valley of the river or
the lake, an abrupt transition to low gradient (Rosgen C) channels occurs in their final half mile
in the case of the river and final few miles in the case of tributaries to the lake, Streams flowing
from the Palouse Hills have lower gradients near their headwaters, but have steep channels over
basalt deposits as these streams approach the lake.

2.1.1.4. Vegetation

The predominant vegetation of the Coeur d’Alene, St. Joe and Selkitk Mountains which comprise
80% of the sub-basin is mixed coniferous forest. Dominant conifers are pines, true fir, Douglas
fir, tamarack and red ceder. Cottonwood, aspen and alder are the predominant deciduous specics.
The Palouse Highlands have grasslands as well as wooded areas. These areas were likely
maintained by fire as grasslands prior to European settlement. Grasslands and wooded areas
would have expanded and contracted dependent on the fire cycle which was controlled by the
indigenous people. Valley bottoms with little slope are currently grasslands. Vegetation along
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the Coeur d’Alene River has been diminished by bank erosion and the influence of fluvially
deposited metals contaminated sediments. The metals bind phosphate making it less available for
plant nutrition. The result is a diminished vegetative cover in some areas. For additional
information on the vegetation of the Coeur d’Alene Basin refer to the Coeur d’Alene Lake
Management Plan (IDEQ, 1996a).

2.1.1.5. Aquatic Fauna

The native trouts of the sub-basin’s streams are cutthroat trout and bull trout. Sculpin, shiners and
bullhead catfish are also indigenous. The tailed frog, giant salamander and turtles completed the
list of indigenous vertebrate species. The fish fauna of the lake and the river have been greatly
altered by the introduction of several trouts, salmon and warm water species. A detailed
discussion of the current fishery of Coeur d’Alene Lake and River is available in the Coeur
d’Alene Lake Management Plan (IDEQ, 1996a). Although the lake and river have highly altered
aquatic fauna due to introductions, headwater streams retain native species with the addition of
rainbow and brook trout and the loss of bull trout. Although fish composition appears stable in
the headwaters, fish abundance is generally believed to be reduced from historic levels reported
as the area was settled. Fish abundance in Coeur d’Alene Lake and River as well as the lateral
lakes is high (IDEQ, 1996a).

2.1.2 Cultural Impacts:

The watersheds of the Coeur d’Alene and St. Joe Mountains which drain to the river and the lake
are managed primarily for timber production and dispersed recreation. Timber management has been
moderately intense with large clear-cut areas and dense road development. Some watersheds as Wolf
Lodge and Cedar Creeks have had intense forest management and road development. Land
management in this area is primarily by the U.S. Forest Service. Watersheds of the southem Selkirk
mountains are also managed primarily for timber production. These tracts are in private and industry
ownership. Some forested watersheds on either side of the lake were logged using railroad systems.
Near the population centers of Coeur d’ Alene, Harrison and the intervening east lake shore, timber
management has been less intense to protect scenic values.

From the Lake Creek watershed south in the Palouse Hills region and on Harrison Flats east of the
lake, agriculture is the major land use. The Palouse area and Harrison Flats supported wheat
production over most of the history of cultivation, In recent years blue grass seed production has
replaced some wheat production. Substantial farm land acreage has been placed in the Conservation
Reserve Program.

The main population center in the sub-basin is the City of Coeur d’ Alene at the north end of the lake.
In some nearby watersheds residential development is prevalent. Fernan and Cougar Creeks are
examples of watersheds which have residential development. Residences exist in strips along the
east and west shore of the lake more or less continuously. Many of these residences are summer
cabins but many have become year around residences in recent years, Additional population centers
include Harrison, Worley, Plummer, Rose Lake and Cataldo. These towns have populations less
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than 300. For additional information on the land use and demographics of the Coeur d’Alene

Basin refer to the Coeur d’Alene Lake Management Plan (IDEQ, 1996a).

2.2. Regulatory Requirements

The regulatory requirements for the water bodies of the sub-basin are summarized by listing the
segments of concern, the assigned beneficial uses and the water quality standards supportive of those

uses.

2.2.1. Segments of Concern

The stream segments listed in the 1998 Section 303(d) Clean Water Act List for non-metallic

pollutants in sub-basin 17010303 are provided in Table 1.

Table 1: List of 1998 Section 303(d} Clean Water Act listed water bodies.

pa-

Water body Name HUC Number Boundaries Poltutant(s}

Cd’A River 17010303 4021 SF Cd’A R to French Gulch Habitat alteration, pH and
sediment

Cd'A River 17010303 4018 French Gulch to Skeel Gulch Habitat alteration, pH and
sediment

Cd’A River 17010303 4022 Skeel Gulch to Latour Creek Habitat alteration, pH and
sediment

Cd’A River 17010303 4019 Latour Creek to Fourth of July Habitat alteration, pH and

Creek sediment
Cd’A River 17010303 4017 Fourth of July Creek to Fortier Habitat alteration, pH and
Creek sediment

Cd’A River 17010303 4016 Fortier Creek to Robinson Creek | Habitat alteration, pH and
sediment

Cd’A River 17010303 4020 Robinson Creck to Cave Lake Habitat alteration, pH and
sediment

Cd’A River 17010303 4015 Cave Lake to Black Lake Habitat alterstion, pH and
sedimemt

Cd'A River 17010303 3529 Black Lake to Thompson Lake Habitat alteration, pH,
temperature and sediment

Cd'A River 17010303 4023 Thompson Lake to Cd’A Lake Habitat alteration, pH and
sediment

Latour Creek 17010303 3535 Headwaters to Cd’A River Bacteria, habitat alteration,
sediment end temperature

Baldy Creck 17010303 7535 Headwaters to Latour Creek Bacteria, habitat alteration,
sediment and temperature

Larch Creek 17010303 7536 Headwaters to Latour Creek Bacteria, habitet alteration,
sediment and temperature

Fourth of July Creek 17010303 3534 Headwaters to Cd*A River Habitat slteration and sediment
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Water body Name HUC Number Boundarles Pollutant(s)
Willow Creek 17010303 3531 Headwaters to Cd’A River Sediment
Black Lake 17010303 7529 Nutrients
Thompson Cresk 17010303 3530 Headwaters to Cd'A River Habitat alteration and sediment
Wolf Lodge Creck 17010303 3541 Headwaters to Cd'A Lake Bacteria, habitat alteration,
nutrients and sediment
Marie Creek 17010303 7541 Searchlight Creek to Wolf Lodge | Habitat alteration
Creck
Cedar Creek 17010303 3541 Headwaters to Wolf Lodge Habitat alteration, oil and ges
Creek and sediment
Feman Lake 17010303 Nutrients
Fernan Creek 17010303 3543 Fernan Lake to Cd’A Lake Bacteria, dissolved oxygen,
habitat aiteration, nutrients and
sediment
Cougar Creek 17010303 3545 NF Cougar Creek to Cd'A Lake | Habitst alteration, nutrients and
sediment
Kidd Creek 17010303 3546 Headwaters to Cd'A Lake Habitat alteration, nutrients and
sediment
North Fork Mica Creek-Mica 17010303 3547 Headwaters to Cd’A Lake Bacteria, dissolved oxygen,
Creek habitat alteration, nutrients and
sediment
Lake Creek 17010303 3549 House(Kruse?) Creck to Cd’A Sediment
Lake

Additional water bodies had been listed on the 1996 list. These are listed in Table 2. These water
bodies were removed from the list when analysis of more recent water quality data indicated these
streams are not presently water quality fimited (TDEQ 1996c¢).

Table 2: List of additional water bodies included on the 1996 Section 303{d} list, but delisted as a result of sufficiently high water quality scores.

Water body HUC Number Boundarics Pollutant(s)

Carlin Creek 17010303 3538 Headwaters to Cd’A Lake Sediment

Tumer Creek 17010303 3539 Headwaters to Cd"A Lake Sediment

Fernan Creek 17010303 3544 Headwaters to Fernan Lake Habitat alteration, nutricnts,
sediment and pathogens

Rockford Creek 17010303 3548 Headwaters to Cd'A Lake I-Zlijitat alteration, nutrients and
sediment

2.2.2. Beneficial Uses

Of the listed water bodies, the Coeur d’Alene River, Wolf Lodge Creek and Fernan Lake and its
outlet creek have beneficial uses specifically designated in the Idaho Water Quality Standards



(IDAPA 16.01.02.) Beneficial uses of the other listed water bodies would be, by interpretation of
the standards, cold water biota and secondary contact recreation (IDAPA 16.01.02101.01.a).

The Coeur d'Alene River has designated uses in the Idaho water quality standards (IDAPA
16.01.02110,01.ee.) of agricultural water supply, cold water biota, primary and secondary contact
recreation and salmonid spawning. A use attainability and beneficial use status assessment was
completed for the waters of the Coeur d'Alene Basin during 1992 (Hartz, 1993). All the designated
uses were assessed as attainable. The river was assessed to be supporting agricultural water supply,
primary and secondary contact recreation uses. Both cold water biota and salmonid spawning were
assessed to be partially supported due primarily to exceedences of the zinc standard for the support
of freshwater biota in the water column and concern that contaminated sediments may be affecting -
the freshwater biota through food chain interactions. Although Ellis (1940) reported the Coeur
d'Alene River to be nearly devoid of all life to its mouth, more recent studies (Bauer, 1975; Hornig,
Terpening and Bogue, 1988) indicate that self-sustaining populations of fish and macroinvertebrate
species have returned to the river and the lakes of its floodplain. Macro-invertebrate numbers
appear lower near the mouth and in the lower reaches of the river as compared to the control areas
in the St. Joe River (Skille ¢t. al., 1983). Phytoplankton productivity may also be affecied by metals
in the water column (Rabe, Wissmar and Minter, 1973). Adfluvial cold water fish (west slope
cutthroat and bull trout (indigenous) and Chinook and Kokanee Salmon (introduced)) use the Coeur
d'Alene River as a migratory route (Horner, personal comm.). A more thorough discussion of the
Coeur d’ Alene River and the lakes of its floodplain is provided in the Coeur d’ Alene River Problem
Assessment {(IDEQ, 1997).

Wolf Lodge Creek (PB-3608S) has designated uses of domestic water supply, agricultural water
supply, cold water biota, salmonid spawning and primary and secondary contact recreation IDAPA
16.01.02110,01.hh.). Fernan Lake and its outlet creck (PB-3508) have designated use of domestic
water supply, agricultural water supply, cold water biota, salmonid spawning and primary and
secondary contact recreation (IDAPA 16.01.02110,01.00.).

2.2.3. Water Quality Standards

Water quality standards supportive of the designated beneficial uses are stated in the Idaho Water
Quality Standards and Wastewater Treatment Requirements (IDHW 1996b). The criteria supporting
the beneficial uses are outlined in Table 3. In addition to these criteria cold water biota and salmonid
spawning are supported by two narrative criteria. The narrative sediment criterion states:

Sediment shall not exceed quantities specified in section 250 or, in the absence of specific sediment
criteria, quantities which impair designated beneficial uses. Determinations of impairment shall be
based on water quality monitoring and surveillance and the information utilized as described in
Subsection 350.02.5.(IDAPA 16.01.02.200.08).

The excess nutrients criterion states:

Surface waters of the state shall be free from excess nutrients that can cause visible slime growths
or other aquatic growths impairing designated beneficial uses. (IDAPA 16.01.02.200.06).



Table 3: Water quality criteria supportive of beneficial nses.

Designated Use Primary Contact Secondary Contact Cold Water Biota Salmonid Spawning
Recreation Recreation

Coliforms and pH 500 FCFIOOmL 800 FC/100mL pH between 6.5 and 9.5 pH between 6.5 and 9.5

Coliforms and dissolved | 200 FC/100mlL. 400 FC/100mL dissolved gas not dissolved gas not

gas gseometric mean over geometric mean over 30 | exceeding 110% exceeding 110%

30days days

chlorine total chlorine residual total chlorine residual
less than 19 ug/L/hror an | less than 19 ug/L/hr or an
average 11 up/Li4 day average 11 ug/L/4 day
period period

toxics substances less than ioxic substances | less than toxic substances
set forth in 40 CFR set forth in 40 CFR
131.36(b)(1) Columns 131.36(b)(1) Columns
B1,B2,D2 Bl,B2, D2

dissolved oxygen exceeding 6 mg/L. D.O. exceeding 5 mg/L

intergravel D. Q.;
exceeding 6 mg/L surface

temperature less than 22°C (72°F) less than 13°C (55°F)
instantaneouns; 19°C instantaneous; 9°C (48°F)
{66°F) daily average daily average

ammonia low ammonia low ammonia
{formula/tables for exact { (formula/tables for exact
concentration concentration

turbidity . less than 50 NTU greater
than background
instantaneous; 25 NTU
over 10 days greater than
background

2.3. Water Quality Concerns and Status

The water quality concerns and status are addressed in the following sections by identifying potential
pollutant sources and reviewing the existing data for the listed water bodies.

2.3.1. Pollutant Sources

The water bodies of the sub-basin placed on the 1996 list have reported pollutant exceedences for
one or more of the following pollutants: bacteria, habitat alteration, nutrients, sediment, dissolved
oxygen, oil and grease, pH and temperature. In most cases bacterial contamination would be
predominantly from livestock grazing. Habitat alteration can occur from several actions. An
incomplete list of these actions would include nearby road construction, removal of riparian
vegetation, channelization or excess sedimentation. Excess nutrients normally are the result of
human residential development or livestock grazing activities in the waters under assessment.
Nutrients may also naturally build up in a lake over time causing a naturally eutrophic lake. Shallow
lakes which have limited water flow through the lake on an annual basis are more likely to be



Figure 5: Baldy Creek Temperature Data Summer 1997
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2._3.2.3. Black Lake:

Black Lake is a floodplain lake of the Coeur d’Alene River. The eleven floodplain lakes of the

Coeur d’Alene River Valley are shallow, warm during the summer months and generally eutrophic
(Table 6) (USGS 1993).

Table 6: Lateral Lakes Water Quality Nutrient Data 1992

Lateral Lake | Total Total Total P
Inorganic N | Organic N (mg/L)
(mg/L) (mg/L)
Anderson 0.058 0.35 0.039
Black 0.020 0.85 0.046
Blue 0.021 0.20 0.010
-Bull Run 0.021 0.35 0.063
Cave 0.033 0.25 0.058
Killarney 0.044 1.00 0.012
Medicine 0.016 0.35 0.085
Rose 0.252 0.80 0.058
Swan 0.078 0.55 0.013
Thotnpson 0.010 0.20 0.012

Note: Data not collected for Porter Lake
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The generally accepted total phosphorous criterion for nuisance weed growth in lakes is 25 ug/L
(USEPA, 1972). Black Lake total phosphorous values collected in 1992 (Table 6) and in 1997
(Table 7) indicate the lake is well above the criterion (approximately 50 ug/L). Table 6 indicates that
eight of the ten lateral lakes measured are above the criterion and that Black Lake, is intermediate
in its phosphorous level. The nutrient level of Black Lake and other lakes of the Coeur d’Alene
River floodplain are typical of self-fertilizing eutrophic lakes (IDEQ, in draft). These lakes have
likely been eutrophic for thousands of years (Rember, 1999). Organic and inorganic nitrogen levels
support this interpretation. Eutrophy is simply a gauge of the nutrient status and age of the lake. The
beneficial uses of Black Lake, which supports warm water biota, primary and secondary contact
recreation, are not impaired by its eutrophic nature. The trophic status of Black Lake in relation to
its expected condition as a small shallow floodplain lake does not support water quality limited
listing for nutrients.

Table 7: Black Lake Water Quality Nutrient Data 1997

Location Total Inorganic N (mg/L) | Total Phosphorous
(mg/L)
Mid-lake 0.039 0.055

2.3.2.4. Wolf Lodge Creek

Absence of the reported bacteria contamination was found during the low discharge period of
summer 1999. Bacterial samples from Wolf Lodge and Stella Creeks were analyzed from fecal
coliform and E-coli. The streams were found to have 22 and 11 fecal coliform per 100 mL and 33
and 10 E-coli per 100 mL (BURP, 1999). These values are sufficiently well below the fecal coliform
primary contact standards of 500 fecal coliform per 100 mL and the proposed recreational standard
of 406 E. coli per 100 mL that no additional testing was deemed necessary.

Nutrients supportive of aquatic plant growth were assessed on water samples from Wolf Lodge
Creek. Total phosphorous concentration was 14 ug/L as phosphorous. The guideline used by DEQ
for interpretation of the excess nutrients narrative standard is 100 ug/L total phosphorous in flowing
streams (USEPA, 1972). Total Kjeldahl nitrogen was 100 ug/L., while nitrate-nitrite analysis was
142 ug/L as nitrogen. The nitrogen data indicates that nearly all the nitrogen is in the form of nitrate-
nitrite. The guideline for excess nitrate is 300 ug/L as nitrogen (Sawyer, 1947; Miiller, 1953). The
concentrations measured in Wolf Lodge Creek are less than half the guideline indicating the stream
is not water quality limited by nitrogen.

2.3.2.5. Fernan Lake and Creek
A lake water quality assessment was completed on Fernan Lake during the 1991 field season

(Mosier 1992). Nutrient data indicate the lake was mesotrophic (Table 8) and was not exceeding the
nuisance weed growth criterion. Additional parameters collected in 1991 support the mesotrophic
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condition of Fernan Lake. Algal blooms have commonly been observed on the lake suggesting it
is at or close to a eutrophic classification. The lake is currently in a state that intervention in the
watershed could reduce phosphorous export to the lake and slow the pace of eutrophication. The
possibility that the lake would become anoxic in its bottom waters is remote. The lake is relatively
shallow (7 meters) allowing for wind driven re-oxygenation even at depth. Dissolved oxygen
measurements completed at the time of the assessment showed bottom water to be low in oxygen
during the summer (0.8 mg/L), but not anoxic. Water quality measurements collected to date from
Fernan Lake do not violate water quality standards. However, the lake is close to violations and
algal blooms occur on a yearly basis. An advisory TMDL should be developed for the lake based
on further measurements of phosphorous loading.

Table 8: Fernan Lake Water Quality Average Nutrient Data

Location Total Inorganic N (ug/L) | Total Phosphorous (ug/L)
mid-lake 50 21

Fernan Creek is listed for bacteria, dissolved oxygen, habitat alteration, nutrients and sediment. The
stream ‘currently has stable banks with stable vegetation. Sediment sources to the immediate stream
are few and not severe. Upstream sources are precluded by Fernan Lake. No apparent source of
bacteria exists. The habitat may have been altered in the past but stable habitats have reestablished
along the stream. The stream is well shaded and shallow suggesting oxygen level would not be a
problem. The pollutant listing on the 1998 303(d) lists may well date back to 1988 when the golf
course and highway were under construction. A decade has past since the construction period.
Vegetation has reestablished reducing sedimentation and producing habitats. The creek likely has
a residual nutrient problem associated with its primary source of water, Fernan Lake, and possibly
exacerbated by fertilization of the adjacent golf course.

Water samples from Fernan Creck were collected for fecal coliform and E coli analysis during the
low discharge period of summer 1999. Analysis indicated four fecal coliform and ten E coli per 100
mL (BURP, 1999). These values are sufficiently well below the fecal coliform primary contact
standards of 500 fecal coliform per 100 mL. and the proposed recreational standard of 406 E. Coli
per 100 mL that no additional testing was deemed necessary.

The stream likely does receive water enriched in nutrient from the lake. The golf course which
flanks the west edge of the quarter-mile segment may alse be a source of nutrients dependent on the
turf management. The lower eighth-mile of stream fronts the golf course on one side. It is unlikely
that a short segment would receive an important nutrient load or it would have an affect before
discharge to the lake.

Nutrients supportive of aquatic plant growth were assessed on water samples from lower Fernan
Creek. Samples were collected above the golf course. Total phosphorous concentration was 28 ug/L
as phosphorous. The guideline used by DEQ for interpretation of the excess nutrients narrative
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standard is 100 ug/L total phosphorous in flowing streams (USEPA, 1972). The total phosphorous
concentration measured for the creek is well below the guideline. Total Kjeldahl nitrogen was 230
ug/L as nitrogen, while nitrate-nitrite analysis was 290 ug/L as nitrogen. The nitrogen data indicate
that most of the nitrogen is in the form of nitrate-nitrite. The guideline for excess nitrate is 300 ug/L
as nitrogen (Sawyer, 1947; Miiller, 1953). The concentration measured in lower Fernan Creek is
quite close to the guideline, but below it. The high nutrient level most probably has its origin in
Fernan Lake.

2.3.2.6. Cougar and Kidd Creeks

Nutrients supportive of aquatic plant growth were assessed on water samples from Cougar and
nearby Kidd Creeks. Cougar Creek’s total phosphorous concentration was 62 ug/L as phosphorous.
Total Kjeldahl nitrogen was 190 ug/L. as nitrogen, while nitrate-nitrite analysis was 156 ug/L as
nitrogen. Kidd Creek’s total phosphorous concentration was 43 ug/L as phosphorous. Total
Kjeldahl nitrogen was 130 ug/L, while the nitrate-nitrite nitrogen measure was in error. The
guideline used by DEQ for interpretation of the excess nutrients narrative standard is 100 ug/L total
phosphorous in flowing streams (USEPA, 1972). Although Cougar and Kidd Creek’s phosphorous
concentrations are higher than expected, they are well below the guideline concentration. The
guideline for excess nitrate is 300 ug/L as nitrogen (Sawyer, 1947, Miiller, 1953). The concentration
measured in Cougar Creek is roughly half the guideline. The Kidd Creek nitrogen data indicates the
stream does not exceed the guideline, but additional testing of nitrate-npitrite is necessary.
Unfortunately Kidd Creek does not flow late in the summer season.

2.3.2.7. Mica Creek

Water samples from Mica Creek and the North Fork Mica Creek were collected for fecal coliform
and E. coli analysis during the low discharge period of summer 1999. Summer discharge
measurements (2.5 cfs) indicate that secondary contact is the appropriate beneficial use for the
stream. Both the acute (800 fecal coliform/ 100 mL) and chronic (geometric mean of 200 fecal
coliform/100 mL) standards protective of secondary contact recreation were exceeded (Table 9).
Analysis for E. coli was also made in anticipation of the proposed bacteria standard. Both the acute
and chronic levels of this proposed standard were violated. The results indicate that Mica Creek and
its North Fork are water quality limited by coliform bacteria. A TMDL addressing both the current
fecal coliform and proposed E coli standards will be developed.

Table ¢; Fecal and E. coliform bacteria from two locations on Mica Creek

Date Mica Creek FC Mica Creek EC NF Mica Creek FC NF Mica Creck EC
12399 5100 2900 400 180
7123199 1300 200
7127199 570 150 600 130
7130/9% 730 630 500 3380
8/4/99 300 220 720 190
8/24/99 570 300 600 300

Geometric Mean 993 535 553 216
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Nutrients supportive of aquatic plant growth were assessed on water samples from Mica Creek
and the North Fork Mica Creek. Total phosphorous concentration was 33 ug/L and 22 ug/L as
phosphorous for Mica Creek and its North Fork, respectively. The guideline used by DEQ for

interpretation of the excess nutrients narrative standard is 100 ug/L total phosphorous in flowing

streams (USEPA, 1972). Total Kjeldahl nitrogen was 140 ug/L as nitrogen, while nitrate-nitrite
analysis was 112 ug/L as nitrogen for Mica Creek. Total Kjeldahl nitrogen was 110 ug/L as
nitrogen and 133 ug/L as nitrogen for the North Fork. The nitrogen data from both streams

indicate that most of the nitrogen is in the form of nitrate-nitrite. The guideline for excess nitrate

is 300 ug/L as nitrogen (Sawyer, 1947; Miiller, 1953). The concentrations measured in Mica
Creek and its North Fork are less than half the guideline, indicating the streams are not water
quality limited by nitrogen.

2.3.2.8. Lake Creck

Considerable water quality monitoring has been completed on Lake Creek, most recently for
1996 through 1998 (Bauer, Golden and Pettit, 1998). The stream transports large amounts of
fine sediment primarily from agricultural fields and stream banks during high discharge events.
The most recent work has found statistically significant and strong correlations between
turbidity, suspended sediment and total phosphate and the signal output of an optical particle
sensor. During storm events turbidity caused by suspended sediment transport can rise well
above the criterion of 50 NTU above measurements at the upstream background station.. Peak
turbidities of 600 to 1,000 NTU were observed during these events. When the background
station is comapred these values are well above the salmonid sight feeding criterion (Table 3),
indicating the stream is water quality limited for sediment.

2.3.2.9. Sediment Data

Available sediment data for the streams and model results are summarized in the following
sections.

2.3.2.9.1. Riffle Armor Stability

A quantitative index of stream bed instability is the riffle armor stability index
(RAST)(Kappesser, 1993). The measurement is not of value for the Coeur d’Alene River
below the reach terminating at Skeel Gulch (4018). The measurement is of value above this

point and in the tributaries to the river and the lake. Unfortunately, data of this type has not -

been collected for any of the’ water quality limited segments of the sub-basin.

2.3.2.9.2 Residual Pool Volume

One consequence of stream sedimentation is a loss of pool volume through pool filling. The
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amount of pool volume in streams can be estimated using residual pool volume measurements.
Residual pool volume is the volume a stream pool would occupy if the stream reached a zero
discharge condition. Under this condition water would not flow over stream riffles, stream
runs would hold little water and the pools woukd make up the majority of the wetted volume of
the stream. Residual pool volume is calculated using a box model from measurements of
average pool depth, average pool width, pool length and average pool tailout depth. Average
pool tailout depth is subtracted from average pool depth to develop the third side of the box
model. Residual pool volume is normally developed for a reach of stream twenty times bank
full width in length. The values are normalized on the basis of pool volume per mile of stream.
Residual pool volume increases with stream width. For this reason, residual pool volume
values must be stratified by stream width to assess the relative amount of pool volume.
Residual pool volume data for the water quality limited segments has been stratified by
bankfull stream width (Table 10). The measurement has little meaning in the Coeur d’Alene
River, which as a low gradient Rosgen C channel, is a single pool below the Cataldo boat
ramp. It does help gage the level of sedimentation of smaller high gradient streams, especially
in the Belt terrane. Residual pool volumes are adequate in Latour and Wolf Lodge Creeks.
Volumes in Marie, Lake and Fourth of July Creeks appear diminished with respect to the
amount measured in the much smaller Willow Creek. The lack of pools in Cougar, Kid and
Mica Creeks may be the result of assessment of low gradient reaches of these streams or that
these streams are located on granitic terrane with far more sand as sediment. This assessment
has not been made on all water quality limited streams of the sub-basin.

Table 10: Mean residual pool volume and stream width for the water quality limited segments of the Coeur
d'Alene Lake and River Sub-basin. Streams are stratified by bankfull width.
Stream HUC Number Bank Full Width (ft) Residual Pool Volume
(ft*/mi)
Latour Creek 17010303 3535 4.7 34,969
Woif Lodge Creck 17010303 3541 14.0 35,995
Marie Creek 17010303 7541 137 13,181
Lake Creek 17010303 3549 18.1 17,304
Fourth of July Creek 17010303 3534 10.0 18,737
North Fork Mica Creek-Mica 17010303 3547 8.3 ]
Creck
Cougar Creek 17010303 3545 7.8 ]
Willow Creek 17010303 3531 6.9 45 678
Kid Creek 17010303 3546 6.0 Q
Cedar Creek 17010303 3541 N.D. N.D.
Fernan Creek 17010303 3543 N.D. N.D.
Baldy Creek 17010303 7535 N.D. N.D.
Larch Creck 17010303 7536 N.D. N.D.
Thompson Creek 17010303 3530 N.D. N.D.

Note: Data developed from IDEQ (Hartz, 1993)
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2.3.2.10. Fish Population Data

Sedimentation can interfere with natural trout recruitment and cause the filling of pools. The
effect may be reflected in the trout populations. Trout population density has been assessed in
some tributaries of the lake and river by DEQ beneficial use reconnaissance teams. The Coeur
d’Alene Tribe has developed fish population data for Lake Creek (Appendix A).

Cutthroat and brook trout are the salmonids found in these tributaries. Trout population
densities (salmonid/m?/ hour effort) of the listed segments are summarized in Table 11.
Reference streams, elsewhere in the Coeur d’Alene River basin, range from 0.1 - 0.3
salmonid/m%/hour effort IDEQ, 1999). Similar population density was found for reference
streams in granitic geologic settings near Priest Lake (Fitting and Dechert, 1997) Itis
necessary to default to these reference streams, because no appropriate references have been
assessed in the sub-basin. Where data are available in the sub-basin, trout density values in
most water quality limited segments are an order of magnitude lower than these reference
values. The exceptions are Cedar and Cougar Crecks, which have values above the range of
the reference values. Three age classes of salmonids were found only two streams; Latour and
Cougar Creeks. Sculpin population density was typically found in a range of 0.1 - 0.5
fish/m?/hour effort in reference streams (IDEQ, 1999). This range or slightly higher was
found in sub-basin streams where data is available, except for Mica Creek. Sculpin may not be
favored by the sandy bottom of this stream, where cobble is not available for the cover these
fish use, Tailed frogs were found exclusively in Cedar Creek.
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Table 11: Fish population per unit stream area of the water quality limited segmemts of the Coeur d'Alene Lake

and River Sub-basin.

Stream HUC Number | Salmonid Presence of Sculpin Presence of
Density Three Density Sculpin and/or
(fish/m*/hr Salmonid Age | (fish/m*/hr Tailed Frogs
effort) Classes effort)

Coeur d'Alene 17010303 3529 - N.D. N.D. N.D. N.D.

River 4023

Latour Creek ' 17010303 3535 0.0271 Yes 0.1834 No

Baldy Creek 17010303 7535 N.D. N.D. N.D. N.D.

Larch Creek 17010303 7536 N.D. N.D. N.D. N.D,

Fourth of July ' 17010303 3534 0.0529 No 0.6247 No

Creek

Willow Creek 17010303 3531 N.D. N.D. N.D. N.D.

Thompson Cresk 17010303 3530 N.D. N.D. N.D. N.D.

Wolf Lodge Creek ' | 17010303 3541 0.0639 No 0.7204 No

Marie Creek 17010303 7541 N.D. N.D. N.D. N.D.

Cedar Creek ' 17010303 3541 0.6570 No 0.5734 Yes

Fernan Creek 17010303 3543 N.D. N.D. N.B. N.D.

Cougar Creck ! 17010303 3545 0.4537 Yes 0.3871 No

Kid Creek 17010303 3546 N.D. N.D. N.D. N.D.

North Fork Mica ' 17010303 3547 0.0600 No 0.0480 No

Creek-Mica Creek

Lake Creck 2 17010303 3549 0.0279 No N.D. N.D.

Note: 1- data from DEQ beneficial use reconnaissance program; 2 - data from Coeur d'Alenc Tribe; N.D. - no data

2.3.2..11. Sedimentation Estimates:

2.3.2.11.1. and Use Type Areas, Road Density and Impacts

Several tributaries to the lake and river are listed as water quality limited for sediment impacts.
The river is affected by sediment in its upper segments above Skeel Guich. Below Skecl Gulch,
the river is gradient limited from carrying sediment particles larger than a fine grain of sand and
is insulated from tributary sedimentation by its broad floodplain. As discussed earlier,
sedimentation of the upper segments is the result of sediment loads primarily from the North and

South Forks of the River. These impacts must be addressed in those watersheds.

Land use areas and roads information is required to model sedimentation. It was developed from




Geographical Information Systems {GIS) coverages. Existing coverages of land use and road
systems developed by the Forest Service (CDASTDS) and Idaho Department of Lands were used
where these were available (Wolf Lodge Creek). Where these were not available, canopy
coverage was developed using USGS digital orthophoto quadrangles. Canopy coverage was
ground verified by CWE crews cumulative watershed effects. Road coverage was available
through the Idaho Department of Lands (IDL) from the Forest Service, timber companies and the
counties. Forest fire coverage was supplied by the Forest Service (IPFIRES) All constructed GIS
coverages were developed by Idaho Department of Lands personnel. Land use and roads data is
presented in Table 12. After assessment of the watersheds by Idaho Department of Lands
specialists, curnulative watershed effects (CWE) scores were developed. Additional sediment
model assumptions and documentation are in Appendix B.

2.3.2.11.2. Sediment Yield and Export Coefficients

Sediment yields were developed separately for agricultural, forest lands and forest roads. The
models used assume 100% export of the yielded sediment to the stream.

2.3.2.11.2.1. Agricultural Land Sediment Yield and Export.

Sediment yield was estimated from agricultural lands (pasture and dry agriculture) using the
Revised Universal Soil Loss Equation (RUSLE) (equation 1)(Hogen, 1998).

Equation 1: A RYKYLSYC)YD) tons per acre per year where:
: A is the average annual soil loss from sheet and rill erosion
R is climate erosivity
K is the soil erodibility
LS is the slope length and steepness
C is the cover management and
D is the support practices.

RUSLE does not take into account bank erosion, gully erosion or scour. RUSLE applies to
cropland, pasture, hayland or other land which has some vegetation improvement by tilling or
seeding. Based on these soils characteristics of the agricultural land, the slope, sediment yield
was developed for the agricultural land use of each watershed (Table 13). Sediment yield from
agricultural lands was estimated by applying the sediment yield coefficients to the land area in
agricultural use (Table 15).

2.3.2.11.2.2. Forest Land Sediment Yield and Export
Forest land sediment vield was based on sediment production rates used in the Forest Service
WATSED Model (Patten, personal comm.). These are 25 tons per square mile per year with a

range from 22-35 for the Kaniksu granitic terrane and 15 tons per square mile per year with a
range from 12-17 for the Belt Supergroup terrane. The mean values were used for all conifer
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Table 12: Land use of selected watersheds draining to Coeur d*Alene Lake and River,

Watershed WolfLodge | CedarCreck | Cougar Kid Creek Mica Creek Thompson Willow Fourth of Baldy Creek | Larch Creek | Latour
Creek Creek Creek Creek July Creek Creek?

Pasture/ dry 946 77 869 9206 422 820 453 1,548 0 V] 257
ag (ac)

Conifer 21254 11,128 1,589 750 2,388 1,587 3,386 16,193 5372 548 23,181
forest (ac)

Unstocked 121 26 2,025 833 3475 80 36 165 145 0 3,855
forest (ac)

Highway 85 iR 59 38 62 0 [i] 336 1] 0 0
(ec)

Forest Road 197.2 92.2 50.0 18.0 40.0 21.0 22,5 776 432 0.5 1856.9
(mi)

Forest road 46 57 30 31 1.7 54 37 28 54 0.6 a4
density

{mi/mi®)

Stream 58 23 66 10 47 23 16 76 12 0 65
CTOsSings

Road 05 02 1.6 08 09 22 1.5 1.2 11 0 0.5
Crossing

Frequency’

Road 44 1.7 5.0 0.8 36 1.7 1.2 58 049 0 49
Contributing
(mi)

Road X ] 6.3 19 0.3 1.6 13 09 04 04 0 64
encroaching

(mi)

CWE Score 189 189 15 10 17.8 17.3 24.6 20.2 133 133 133
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Table 13: Estimated sediment yield coefficients dry agriculture, pasture and rangelands. "

Watershed Wolf Lodge Cedar Creek Cougar Creek Kidd Creck Mica Creek Thompson Willow Creek Fourth of July Latour Creek
Creek Creek Creek

Rangeland 0.040 - 0.321 0.391 0.541 0.541 0.240 0.741 -

(tons/ac/yr)

Pasture 0.030 0.040 0.030 0.050 0.050 - 0.040 0.030 0.020

(tons/aciyr)

Land use (Kaniksu) {Belt

type Granitic Supergroup)

sediment Terrang precambrin

export m meta

coefficient sediments
Termane

Conifer

forest 0.038 0.023

(tons/halyr)'

Unstocked

forest 0.055 0.027

(tonz/ac/yr)’

Areas of

double fire 0.017 0.004

tons/acre/yr)

Highway 0.034 0.019

(tons/ac/yry?

Table 14: Estimated sediment yield coefficients for forest land uses on the terrane of the watersheds,

* Pasture, and dry agriculture, sediment production and export hased on the revised universal soil loss equation for lands of 0-2% slope.

! Forest “natural” sediment production rates based on 25 tons/mf /yr (range 22-35) from Kaniksu granitics and 15 tons/mifyr (range 12-17) for Belt Supergroup terranes. All conifer forest

except unstocked acreage assumed to have median export coefficient. Unstocked forest lands({lands not meting FPA stocking rate} assumed to have the highest export coefficient. Areas of double fires

adjusted to highest coefficient.
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forest, which was fully stocked. The highest values in the range were used for parcels which were
not fully stocked with trees, based on the Idaho Forest Practices Act standards. The lowest value
for the Belt and Kaniksu terrane were applied to highway rights of way (Table 14). Sediment

yield from forest lands was estimated by applying the sediment yield coefficients to the land area
in forest use (Table 15). It was assumed all yielded sediment was delivered to the stream system.

2.3.2.11.2.3 Forest Roads

Forest road sediment yield was estimated using a relationship between CWE score and the
sediment yield per mile of road (Figure 6). The relationship was developed for roads on a
Kaniksu granitic terrane in the LaClerc Creek watershed (McGreer, pers comm.). Its application

Figure 6: Sediment export of roads based on Cumulative Watershed Effects

LeClerc Creek Road Sediment
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CWE road score

to roads on Belt metamorphic terranes conservatively overestimates sediment yields from these
systems. The watershed CWE score was used to develop a sediment load in tons per mile, which
was multiplied by the estimated road mileage in the watershed yield total sediment load to
streams. This road surface directly contributing was assumed to be that located 200 feet on either
side of a stream crossing. (Table 12). In the case of roads, it was assumed that all sediment was
delivered to the stream system. These assumptions conservatively over estimate actual delivery.
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Roads deliver sediment to streams through two additional mechanisms. Road fills associated
with stream crossings can fail. Based on the CWE data base, the actual fill failure and delivery
was estimated. Fill failures are known to occur primarily during discharge events which reoccur
every 10 - 15 years. The CWE data was divided by 10 years to estimate the watershed
sedimentation from road failures in tons of sediment per year. The estimates were applicable to
the specific watershed for which the CWE data were collected. The watershed wide impact was
developed from road fill failure and delivery data from the road assessment scaled up by a factor
reflecting the total roads in the watershed. Road fills are composed not only of fines, but course
material as well. Since the road bed is most often built from the B and C horizons of the soil on
hand, the percentage of fines from fill failures as compared to the course fraction (pebbles and
larger). These estimates are developed from weighted averages of the major soils series of the
watershed based on the STATSGO coverage of soils. Weighted averages were developed for
each watershed from the weighted averages of the horizons of the major soil series in each map
unit composing the watershed (Dechert, 1999)(Appendix B). These percentages are applied to
the sediment yields to estimate the fines exported to the streams as compared to the pebble and
larger fraction.

#7

Many roads are sited in locations which encroach on the floodplain of the stream. This
construction practice often alters the gradient of the stream. The gradient is effectively increased,
because the stream length is shortened. The stream uses the resulting additional stream power to
erode material and regain stream length to move towards its original steady-state gradient. The
result is increased erosion and sediment export, either from the road bed or, if this is armored, "
from the bed and banks of the stream itself. Roads fifty feet from streams were assumed to be ‘
encroaching. The amount of erosion and subsequent sediment delivery is estimated based on the
miles of encroaching stream. The bulk of the erosion is assumed to occur during the large
discharge events occuring every 10 - 15 years. The materials eroded are primarily the native soils
of the area with their characteristic distribution of fines and course materials. These percentages
are estimated from the major soils series of the watershed. The gross deliver was divided by ten
to account for the episodic nature of the mechanism’s sediment delivery. Additional details on
the sediment model used are available in Appendix B. The model spreadsheets for those
watersheds modeled are in Appendix C.

i

Va0,

2.3.2.11.2.4. County and Private Roads

County and private road surface erosion was modeled with the RUSLE model (Sandlund, 1999).

Based on slope length, soil type and surface material, a coefficient of tons per acre per year was :
developed. These coefficients were applied to the area of the road 200 feet on either side of -
stream crossings. Since the width of county and private roads is set by ordinance, an acreage

associated with this distance could be calculated.

Road fill failure and encroachment were treated as the forest roads. The CDAROADS GIS
coverage maps all roads; county, private and forest.

2.3.2.11.2.4 Sedimentation Estimates
Sedimentation estimates were developed by addition of the various sediment yields. The models

(RUSLE, WATSED) and methods used assume complete delivery to the stream channels
(Table 15).
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Table 15: Estimated sediment export of watersheds listed for sediment impatrment.

‘Watershed

Wolf Lodge
Creek

Cedar Creek

Cougar
Creek

Kidd Cresk

Mica Creek

Thompson
Creek

Willow
Creek

Fourth of
July Creek

Baldy Creek

Larch Creek

Creek

Pasture/ dry
ag (tons/yn)

284

23

78.3

88.6

130.3

4.7

18.1

46.4

0.0

00

5.1

Conifer
forest

(tons/yr)

256.0

298.5

n.a

463.9

43.0

3724

12.6

533.2

Unstocked
forest
(tonsfyr)

12

0.8

104

43

36

22

1.0

4.5

19

8.0

104.1

Highway
(tons/yr)

L6

6.3

20

1.3

2.1

0.0

0.0

6.4

0.0

0.0

0.0

Road
Crossing
Fine
{tons/yr}

53.3

25.0

8.8

36.3

13.9

12.1

35.4

4.5

0.0

0.8

Road Fills
(tons/yr)

0.1

42.7

0.0

33

0.0

0.0

_1.3

0.0

0.0

ki

Road
Encroaching
(tons/yr)

472

10.2

1.6

8.6

7.0

4.8

2.7

22

0.0

72.9

Bank
Erosion
(toms/yr)

330

Tol
(tons/yt)

m3

476.1

176.3

6478

117.9

489.1

134.2

12.6

784.8
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2.3.3 Beneficial Use Support Status

Water bodies were not assessed for habitat alteration. Current Division of Environmental
Quality Policy does not recognize habitat alteration as a quantifiable and therefore allocatable
parameter. Temperature standards are currently under review to assess their applicability. Water
bodies requiring thermal TMDLs are being deferred until this review is complete. The assessed
support status of the water bodies based on the data available is provided in column 4 of Table
16. The need for development of a TMDL is noted. Column five explains why TMDLs are not
needed for some pollutants listed on the 1998 303(d) list.

Table 16: Results of Water body assessment based on application of the svailable data.

Water body Name HUC Number Boundaries Assessed Support Reasons TMDL not
Status required for pollutants
Cd'A River 17010303 4021 SF Cd’A R to French limited by sediment *? pH data provided Table 4
Gulch
Cd'A River 17010303 4018 French Gulch to Skeel Timited by sediment ' pH data provided Table 4
Gulch
Cd'A River 17010303 4022 Skeel Gulch to Latour limited by temperature pH data provided Table 4
Creek Sediment not impairing
use
Cd'A River 17010303 4019 Latour Creek to Fourth of | limited by temperature | pH data provided Table 4
July Creek Sediment not impairing
use
Cd’A River 17010303 4017 Fourth of July Creck to limited by temperature pH data provided Table 4
Fortier Creck Sediment not impairing
use
Cd"A River 17010303 4016 Fortier Creek to limited by temperature | pH data provided Table 4
Robinson Creek Sediment not impairing
use
Cd’A River 17010303 4020 Robinson Creek to Cave | limited by temperature | pH data provided Table 4
Lake Sediment not impairing
use
Cd’A River 17010303 4015 Cave Lake to Black Lake | limited by temperature | pH data provided Table 4
Sediment not impairing
use
Cd’A River 17010303 3529 Black Lake to Thompson § limited by temperature | pH data provided Table 4
Lake Surface temperatures
exceedences in Table 5
not expected at depth;
HOBO data indicates
standard exceedence ;.
Sediment not impairing
use
Cd'A River 17010303 4023 Thompson Lake to Cd"A | limited by temperature 3 pH data provided Table 4
Lake Sediment not impairing
use
Latour Creck 17010303 3535 Headwaters to Cd*A impaired by temperature | bacteria below standard
River and sediment (section 3222 )
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eutrophic. Any water body, which has its source in a eutrophic lake, will itself be rich in nutrients.
Sediment is a water constituent naturally yielded from erosion of the watersheds to water bodies in
question. Excess sedimentation in these watersheds most often has its origin in roads developed for
logging or access to a watershed and bank erosion associated with grazing. Roads may yield
sediment directly from their surfaces or bed through mass wasting or their locations may cause the
adjacent stream to begin bank cutting or incising its bed. Dissolved oxygen may be deficient in lakes
and some streams as the result of the presence of biological oxygen demanding materials. Often
cutrophic lakes have sufficient algal and weed growth to engender dissolved oxygen problems.
Streams may have insufficient dissolved oxygen as a result of temperature exceedences. Oxygen
solubility declines with increased water temperature. Temperature exceedences in these waters are
often due either to insufficient water flow, alteration of the stream structure to a broad shallow
morphology or lack of riparian vegetation to supply shading (Platts, Megahan and Minshall., 1983).
Streams which have their source in shallow warm lakes often are warm as well. Oil and grease can
be yielded to the streams by major roads such as an Interstate. Qil may be vielded after rains to
nearby streams. Oil and tar have been spilled during accidents on these roads and these materials
can find their way into the nearby streams. Excessively low pH normally results from acid mine
drainage or from mill tailings materials associated with mining. Although a few natural acid rock
drainages can be found in the sub-basin, data indicates these do not alter the pH of streams,
significantly.

2.3.2. Available Water Quality Data
The available data for the water bodies of the 1998 list are provided in the following sections.
2.3.2.1. Coeur d’Alene River

Water temperature and pH data have been collected on the Coeur d’ Alene River as part of three years
of metals monitoring. The pH data are from composite water samples collected monthly or
bimonthly at the Cataldo, Rose Lake and Harrison monitoring stations (Table 4). The recorded pH
values range between 6.5 and 7.5 and consistently have mean values above neutrality. These are
typical pH values for the waters of northern Idaho. The data do not indicate any exceedence of the
general aquatic pH standard (6.5-9.5)(IDAPA 16.01.02250.02.a.i.). Water temperature data were
collected near the shore at the three monitoring stations as a part of the sampling procedure (Table
5). Water temperatures exceed cold water biota criteria in a very few cases during warm summers.
Since these data were collected near shore, they are likely a few degrees warmer than water
temperature offshore and at depth in the river. A few midsummer shore temperatures were in excess
of the cold water biota standard (22°C)Y(IDAPA 16.01.02.250.c.ii.). Data developed by Golder and
Associates (1998) support the data collected by DEQ, but none of these data were collected at depth
in the river. In addition, sufficient data were not available to assess the daily average temperature
cold water biota standard. To address this data gap, water temperature was continuously measured
at the Harrison and Bull Run Bridges during the summer of 1999. The sensors were placed at four
levels and three locations in the river at the Harrison Bridge and at two levels in the river at the Bull
Run Bridge. The results from the eight sensors at the Harrison Bridge were remarkably similar. The
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between early July and late September. A lower number of exceedences occurred at depth. At the
Bull Run Bridge the standard was exceeded 10% of the period at depth and 16% nearer the surface.
The results indicate the river, which is too broad to be shaded, warms as it flows slowly downstream
to the lake. However, the river exceeds the average temperature standard for cold water biota
upstream. These results demonstrate the river is exceeding the current temperature standard for cold
water biota.

Salmonid spawning occurs only in the reach of the river between the confluence of the North and
South Forks of the river and Skeel Gulch (segments 4021 and 4018). This reach has riffles and

Table 4: Mean and deviation of pH data collected for three water years at the Cataldo, Rose Lake and Harrison
Monitoring Stations on the Coeur d’ Alene River.

[pH Data for W Y 1995 H Data for WY 1996 |pH Data for W Y 1997
Staticn Mean Standard Mean Standard IMean Standard
Deviation Deviation iDeviation
Cataldo 7.09 0.24 7.23 022 7.12 0.15
Rose Lake 7.06 0.31 7.29 0.27 7.15 0.17
Harrison 7.15 021 7.11 0.17 7.20 0.19

gravels conducive to spawning, This reach has chinook salmon (September 15 to April 1) rainbow
and cutthroat trout (January 1 to July 15) and whitefish (October 1 and April 1) spawning(IDAPA
16.01.02.250.d.iv.). The Cataldo monitoring station is located on this upper reach of the river.
Temperatures are sufficiently low for whitefish spawning. (<13°C)Y(IDAPA 16.01.02250.d.ii.).
Temperatures recorded in September exceed numeric temperature standards for chinook salmon
spawning. Temperatures recorded in June and July exceed numeric temperature standards for
rainbow and cutthroat trout spawning. The thermograph data collected downstream during the
summer 1999 suggests that salmonid spawning temperature standards are violated. On the weight
of the available evidence it appears that numeric salmonid spawning standards are regularly
exceeded in the upper reach of the river.

Despite these temperature measurements, young of the year trout and salmon are easily observed
along the upper reach of the river. Observation of numerous young of the year is normally taken as
a strong indication that spawning is successful. This observation suggests that trout and salmon have
acclimated or adapted to temperature conditions by spawning earlier in the case of rainbow and
cutthroat or delaying until later in the case of chinook salmon to take advantage of cooler stream
conditions.

11
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Table 5: Temperature Data for the Coeur d’ Alene River
Water Year1995

Oct Nov Dec Jan Feb Mar Apr Apr May May Jun Jun Jul Jol Aug Sep
CATALDO 5.0 5.0 7.0 79 10.5 14.0 14.5 16.0 16.0 15.5 17.0]
ROSE LAKE 50 5.0 9.0 9.0 13.0 16.0 17.0 19.0 19.0 16.0 18.0|
HARRISON 5.5 3.5 2.0 9.0 15.0 150 19.0 22.0 21.0 19.0 20.0
Water Yearl 996

Oct Nov Dec Jan Feh Mar Apt May Jun Jul Aug JSep
CATALDO 9.0 4.0 1.0 1.5 0.0 50 1.5 11.0
ROSE LAKE 9.5 4.5 1.0 1.5 0.0 5.0 20 11.0
HARRISON 9.0 6.5 1.5 2.5 1.0 6.0 9.0 14.0
Water Yearl 997

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
CATALDO 8.0 5.0 2.0 20 2.0 5.0 7.0 6.9 102 15.7 17.0 16.0
ROSE LAKE 3.0 4.0 3.0 1.5 3.0 5.0 6.3 2.8 11.5 183 19.2 17.4
HARRISON 8.0 50 30 1.0 4.0 6.0 7.0 13.6 19.9 21.6 20.2
‘Water Yearl 998

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
CATALDO 114 54 6 28 3.1 42 8.0 13 13.1 201 17
ROSE LAKE 10.8 5.0 38 3.1 3.5 4.3 8.5 8.0 14.9 230 19
HARRISON 11.4 49 33 2.7 38 4.4 9.9 8.9 15.6 25.2 21
Note.
Temperature in degrees centigrade.
Temperatyre taken from the bank.

| |
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3.2.2.2. Latour, Larch and Baldy Creeks:

Latour Creek and its tributaries, Larch and Baldy Creeks, had continuous temperature measurement
during the summer of 1997. These data (figures 3-5) indicate that temperatures supportive of cold
water biota are maintained by these streams year-round. The principle spawning salmonids of these
drainages would be cutthroat and brook trout and whitefish. Temperature data are not available for
the October 1 to April 1 spawning period of brook trout and cutthroat trout. This period is bracketed
by the warmer summer and early fall period. The data suggest the temperature standard is not
exceeded during the fall and winter incubation months. The data do indicate the salmonid spawning
temperature standard (<13°C)Y(IDAPA 16.01.02250.d.ii.) was exceeded during July 1997 on these
streams.

Bacteria are also listed as a pollutant of concern on these three streams. These are largely forested
watersheds with some dispersed residential development along lower Latour Creek. The Bureau of
Land Management has land management responsibilities in these watersheds. No current grazing
permits are operating in these watersheds. The last permits were terminated in 1988 (BLM, 1998).
The absence of livestock grazing in a significant amount would suggest bacterial contamination is
no longer an issue in these sub-watersheds. No other significant bacterial sources exist.

The lack of bacteria contamination was confirmed during the low discharge period of summer 1999.
Water samples from Larch, Baldy and Latour Creeks were analyzed for fecal coliforms and
Escherichia coli (E-coli). The Baldy and Latour Creeks were found to have seven or less per 100
mL in each case. Larch Creek had slightly higher fecal coliform and E coli counts of 28 and 20 per
100 mL, respectively (BURP, 1999). These values are sufficiently well below the fecal coliform
primary contact standards of 500 fecal coliform per 100 mL and the proposed recreational standard
of 406 E. coli per 100 mL that no additional testing was deemed necessary.

13
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Figure 3: Latour Creek Temperature Data Summer 1997
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Figure 4: Larch Creek Temperature Data Summer 1997
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‘Water body Name HUC Number Bounmdaries Assessed Support Reasons TMDL not
Status required for pollutants
Baldy Creek 17010303 7535 Headwaters to Latour limited by temperature bacteria below standard
Creek {section 3.2.2.2.)
;excessive sedimentation
not found Table 15
Larch Creek 17010303 7536 Headwaters to Latour limited by temperature bacteria below standard
Creek (section 3.2.2.2. ) ;
excessive sedimentation
not found Table 15
Fourth of July Creck 17010303 3534 Headwaters to Cd'A not impaired excessive sedimentation
River not found Table 15
Willow Creek 17010303 3531 Headwaters to Cd’A not impaired excessive sedimentation
River not found Table 15
Black Lake 17010303 7529 not impaircd nuirienis typical of
cutrophic lake Table 6
Thompson Creck 17010303 3530 Headwaters to Cd’A not impaired excessive sedimentation
River not found Table 15
Wolf Lodge Creek 17010303 3541 Headwaters to Cd’A impaired for sediment becteria and nutrients
Lake below standards (2.3.2.4.)
Marie Creek 17010303 7541 Searchlight Creek to TMDL not applicable® habitat alteration not
Wolf Lodge Creck allocatable
Cedar Creek 17010303 3541 Headwaters to Wolf limited by sediment ¢il and grease not found
Lodge Creek in stream
Feman Lake 17010303 not impaired, but nutrients lower than weed
advisory TMDL growth guideline 25 ug/l.
recommended; year 2000 | Table 8
Fernan Creek 17010303 3543 Femnan Lake to Cd’A not impaired stream re-stabilized after
Lake highway and golf course
construction; bacteria and
nutrients below standards
( section 2.3.2.5.)
Cougar Creek 17010303 3545 NF Cougar Creek to impaired by sediment nutrients below guideline
Cd'A Lake (section 2.3.2.6.)
Kid Creek 17010303 3546 Headwaters to Cd"A not impaired nutrients below guideline
Lake (section 2.3.2.6.):
excessive sedimentation
not found Table 15
North Fork Mica Creek- | 17010303 3547 Headwaters to Cd'A impaired by sediment Nutrients below
Mica Creek Lake and bacteria guideline (section
2321)
Lake Creek 17010303 3549 House(Kruse?) Creek to  § impaired by sediment
Cd'A Lake
1. Sedimentation must be addressed in South and North Fork Coeur d’Alene River TMDLs
2. Except for metals addressed in Coeur d’Alene River Metals TMDL.
3. Temperature likely limiting.
4, Sedimentation data incomplete. Treat as part of a Latour Creck TMDL.
5. Treat as part of a Wolf Lodge-Cedar Crecks TMDL.
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The TMDLs required for HUC 17010303 can be grouped in some cases. The two most upstream
segments of the Coeur d’ Alene River are sediment impaired. This impairment is the result of
sediment delivery from the North and South Forks of the river. Below Skeel Gulch sediments
are fine and the river is at a sufficiently low gradient that the bed consists of fine sand rather than
cobble bedded. In this case sedimentation does not impact beneficial use directly as in higher
gradient channels. The sediment impairment above Skeel Gulch must be addressed in the source
areas of the North and South Fork Coeur d’ Alene Rivers.

Sediment and temperature impair Latour Creek. Its tributaries Baldy and Larch Creeks were
found to be temperature impaired. Baldy and Larch Creeks will be treated in a Latour Creek
TMDL which addresses excessive sedimentation. Temperature TMDLs have been postponed
pending resolution of Idaho’s temperature standards.

Wolf Lodge Creek and its tributary Cedar Creek appear from the sediment analysis to have
elevated sedimentation. Although Marie Creek was not listed for sediment it will be treated in a
Wolf Lodge Creek TMDL which also will address Cedar Creek. Individual sediment TMDLs
will be required for Cougar, Kidd and Mica Crecks. A bacteria TMDL is required for Mica
Creek.

A sediment TMDL is required for Lake Creek. The segment listed is located within the
boundaries of the Coeur d’Alene Reservation making this TMDL the lead responsibility of the
Environmental Protection Agency (EPA). Lake Creek had an active State Agricultural Water
Quality Program (SAWQP). The program plan is with some rearrangement and the addition of
an in-stream water quality goal, essentially a TMDL.. A loading analysis and allocation are
present in the current plan. Either the EPA or the Natural Resource Conservation Service could
reshape the existing program plan into a TMDL. Implementation of that plan is currently
underway.

2.4. Pollution Control

Some water pollution controls have been implemented. These are discussed in the following
sections together with the pollution control strategies.

2.4.1. Control Efforts to Date

Pollution control efforts to date have been in place on some of the watershed requiring additional
TMDL measures.

Analysis of sediment in eleven watersheds of the basin indicates roads are the primary sediment

producing infrastructures. Forest harvest methods have progressed from logging systems heavily -

dependent on haul roads to those less dependent of high road densities. At certain log prices,
helicopter logging has become a viable alternative in some watersheds. Unfortunately, an
inventory of old roads continue to yield sediment to the streams. The U.S. Forest Service has

32

T

woEi ey

A

i



carried out an aggressive program of forest road retirement and obliteration in the past five years.
These efforts should have some beneficial effect primarily in the Wolf Lodge Creek watershed.
The Latour, Cougar and Mica Watersheds contain very limited or no lands under Forest Service
Management.

The Forest Service Program has sought to obliterate entire roads. Recent analysis indicates roads
cause sediment loading primarily near road crossings of streams and where roads are located
within the stream floodplain causing gradient changes. Scarce funds obtained by the Forest
Service might be better targeted on the sediment yield areas rather than on obliteration of the
entire road.

Kootenai County has operated sediment traps in lower Latour Creek. These traps are fitted with
rock sills to prevent head cutting. These traps collect excess sediment during high flow. The
sediment is removed by a local gravel contractor and sold in the aggregate market. Similar gravel
harvest occurs in Wolf Lodge Creek.

The Lake Creek SAWQP was discussed earlier. This program has contracts let for application of
agricultural best management practices on 2,270 acres of the 8,147 critical cropland acres in the
watershed. In addition 1,135 acres have been placed in the federal Conservation Reserve
Program. The SAWQP program is currently 42% implemented.

2.4.2. Pollution Control Strategies

Pollution control strategies are required for sediment and temperature in one watershed, for
sediment and bacteria in another and for sediment in an additional two watersheds.

A temperature TMDL would set thermal guidelines to meet state temperature criteria. The
TMDL might then assess the amount of unshaded stream within the watershed. Relationships
between the percent of stream shading and the thermal input to the stream have been developed.
Based on these relationships and the inventory of stream shading, riparian plantings would be
allocated to achieve a percent cover goal associated with a thermal goal.

Sediment TMDLs have a less precise criteria-based goal. In this case a level of sediment
reduction based on best professional judgement of hydrologists and sedimentologists would be
set for each watershed requiring a TMDL. Since roads are known to be the major sediment
yielding areas, the TMDL would allocate sediment load reduction based on road improvements
or abandoned road obliteration. Roads located within the floodplain of streams and affecting the
stream gradient would be targeted for removal. Where stream gradient had been altered for
agricultural purposes, stream realignment or armoring should be explored. Stream crossings ate
additional locations at which forest roads are a source of sediment generation, both directly or by
increased watcr capture. Where no longer needed these crossings should be decommissioned to
remove culverts, lay back the stream bed and make the road surface an out sloped an infiltrating
surface, by grading and ripping the surface. Sediment reduction can be estimated for all of these
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measures. The watersheds can be inventoried to select a suite of sediment reducing projects. A
system of pollution credit trading might be instituted as part of the TMDL to engage the private
sector in the implementation of sediment reducing projects as best management practices are
currently installed today as a part of doing business in forested watersheds. Agricultural
incentives could be applied to promote application of stream channel’s gradient restoration or
armoring on private agricultural lands.

A bacterial TMDL would require reduction of bacteria numbers in a stream through different

livestock management. The TMDL would require specific percent reductions
of these management actions.
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Stream HUC Number | Area Time Number of Number of Salmonid Sculpin
Electrofished Electrofished Salmonids Sculpin Density Density
(m?) (sec) (fish/m’/hr (fish/m*/hr
effort) effort)
Coeur d'Alene 17010303 3529 - N.D. N.D. N.D. N.D. N.D. N.D.
River 4023
Latour Crezsk' 17010303 3535 783 4,237 25 169 0.0271 0.1834
Baldy Creek 17010303 7535 N.D. N.D. N.D. N.D. N.D. N.D.
Larch Creek 17010303 7536 N.D. N.D, N.D. N.D. N.D. N.D.
Fouxth of July’ 17010303 3534 400 850 5 59 0.0529 0.6247
Creek
Willow Creek 17010303 3531 N.D. N.D. N.D. N.D. N.D. N.D.
Thompson Creek 17010303 3530 N.D. N.I. N.D. N.D. N.D. N.D.
Woif Lodge Creek ! | 17010303 3541 400 1,041 13 160 0.1124 1.3833
2,200 3,897 37 137 0.0155 0.0575
Marie Creek 17010303 7541 N.D. N.D. N.D. N.D. N.D. N.D,
Cedar Creek! 17010303 3541 350 861 55 48 0.6570 0.5734
Fernan Creek ! 17010303 3543 N.D. N.D. N.D. N.D. N.D. ND,
(150) (201) [0) )l (0.1798) (0.0000)
Cougar Creek’ 17010303 3545 200 744 19 16 0.4597 0.3871
Kid Creek 17010303 3546 N.D. N.D N.D N.D N.D N.D
North Fork Mica' 17010303 3547 200 1,500 5 4 0.0600 0.0480
Creck-Mica Creck
Lake Creek? 17010303 3549 93.88% N/A 2,61 N.D. 0.0279 N.D.

Note: 1 - data from DEQ beneficial use reconnaissance program 1993; 2 - data from Cd'A Tribe; * - calculated based on average number per 100feet

(30.48m) and mean width of 10.1 feet (3.08m); () - data from segment above WQL segment; N.D - no data.
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Appendix B: Sediment Model Assumptions and Documentation
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Sediment Model Assumptions and Documentation
Background:

Sediment is the pollutant of concern on the majority of the water quality limited streams of the
Panhandle Region. The form the sediment takes is most often governed by the lithology or terrane
of the region. Two major terranes dominate in northern Idaho. These are the meta-sedimentary
Belt Supergroup and granitics present either in the Kaniksu batholith or in smaller intrusions as
the Round Top Pluton and the Gem Stocks. In some locations Columbia River Basalt formations
are important, but these tend to be to the South and West primarily on the Coeur d’Alene
Reservation. Granitics weather to sandy materials with a lesser amount of pebbles or larger
particle sizes. Pebbles and larger particle sizes with significant amounts of sand remain in the
higher gradient stream bedload. The Belt terranes produce both silt size particles and pebbles and
larger particle sizes. Silt particles are transported to low gradient reaches, while the larger sizes

"comprise the majority of the higher gradient stream bedload. Basalts erodes to silt size and
particles similar to the Belt terranes, but the large basalt particles are less resistant, weathering to
smaller particles.

Any attempt to model the sediment output of watersheds will provide, relative rather than exact,
sediment yields. The model documented here attempts to account for all significant sources of
sediment separately. This approach is used to identify the primary sources of sediment in a
watershed. This identification of primary sources will be useful as implementation plans designed
to remedy these sources are developed. The approach has the added advantage of identifying to
the state of the technology all of the sources. If additional investigation indicates sources
quantified as minor are not, the model input can be altered to incorporate this new information.

Model Assumptions:
Land use and sediment delivery:

RUSLE is the correct model for pasture. RUSLE accounts for production and delivery of
sediment. Sediment modeled by RUSLE is fine.

WATSED covers production and delivery of sediment from forested areas. Sediment
modeled by WATSED is fine and course.

Sparse and heavy forest of all age classes including seedling-sapling should be given mid
range of the WATSED coefficient for the geologies, while areas not fully stocked by
Forest Practices Act standards are given the upper end of the range.

WATSED coefficients can be modified within the range observed to estimate highway
corridor land use and the effects of repeated wild fires.
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Double burned areas have eroded significantly to the stream channel but are not now
eroding; a residual sediment load in the channels is possible from previous catastophic
burns.

Road sediment production and delivery:

Road erosion using the CWE approach should be limited to the 200 feet of road on either
side of road crossings, not to total road mileage.

The use of the McGreer relationship between CWE score and road surface erosion is a
valid estimate of road surface fines production and yield. In the case of Belt terrane, it is a
conservative (overestimate) estimate.

CWE data collected for actual road fill failures and sediment delivery reflects the situation
throughout the watershed. Since the great majority of road failures occur during episodic
high discharge events with a 10 - 15-year return period, road failures reflect the actions of
the last large event and must be divided by ten for an annualized estimate.

Fines and course loading can be estimated for stream reaches where roads encroach on the
stream using estimated an erosion rate on defined model cross-section. Erosion resulting
from encroachment occurs primarily during episodic high discharge events with a 10 - 15-
year return period, road encroachment erosion must be divided by ten for an annualized
estimate.

Failing road fill and eroding bank is composed of fines and course material. The
proportions of fines and course material can be estimated from the soil series descriptions
of the watershed.

Sediment Delivery:

100% delivery from forest lands estimated with WATSED coefficients

100% delivery from agricultural lands estimated with RUSLE

100% delivery from all road miles up to 200 feet from a stream crossing as estimated by
the McGreer relationship.

Fines and coursc materials are delivered at the same rate from fill failures and from erosion
resulting from road encroachment..



Model Approach:

The sediment model attempts to account for all sources of sediment by partitioning these sources
into broad categories.

Land use is a primary broad category. It is treated separate from other characteristics as stream
erosion and roads. Land use types are divided into agricultural, forest, urban and highways.

Agriculture may be subdivided into working farms and ranches and small ranchettes, which

currently exist on subdivided agriculture land. Sediment yields from agricultural lands which

receive any tillage, even on an infrequent basis are modeled with the Revised Universal Soil Loss ¢
Equation (RUSLE). Sediment yields were estimated from agricultural lands (rangeland, pasture

and dry agriculture) using the Revised Universal Soil Loss Equation (RUSLE) (equation

1)(Hogan, 1998).

Equation 1: A (R)(K)(LS)(C)(D) tons per acre per year where:
A is the average annual soil loss from sheet and rill erosion
R is climate erosivity -
K is the soil erodibility
LS is the slope length and steepness
C is the cover management and
D is the support practices.

RUSLE does not take into account bank erosion, gully erosion or scour. RUSLE applies to
cropland, pasture, hayland or other land which has some vegetation improvement by tilling or
seeding. Based on the soils, characteristics of the agriculture and the slope, sediment yields were
developed for the agricultural lands of each watershed. RUSLE develops values which reflect the
amount of sediment eroded and delivered to the active channel of the stream system annually.

Forest lands and some land in highway rights of way are modeled using the mean export
coefficients of the WATSED model for the particular geologic parent material (USFS, 1994). The
values developed by WATSED are sediment eroded and delivered to the stream courses annually.
Forest lands which are fully stocked with trees are treated with the median coefficient for
sediment yields ascribed to that terrane. Lands not fully stocked by Idaho Forest Practices Act
standards are assigned the highest coefficient of the range. Paved road rights of ways are
assigned the lowest coefficient of the range. Areas which were burned by two large wild fires as
delineated in IPFIRES are adjusted by a coefficient which is the difference between the highest
value of the coefficient for the geologic type and the median.

All coefficients are expressed on tons per acre per year basis and are applied to the acreage of
each land type developed from Geographical Information System (GIS) coverages. All land uses
are displayed with estimated sediment delivery. Land use sediment delivery is totaled.



Roads are treated separately by the model. Forest haul roads are differentiated from county and
private residential roads. County roads often have larger stream passage structures and are
normally much wider and have gravel or pavement surfacing. Private residential roads are often
limited in extent, but can have poor stream crossing structures. Sediment yields from county and
private roads are modeled using a newer RUSLE model (Sandlund, 1999). Road relief, slope
length, surfacing, soil material and width were the most critical factors. The sediment yield was
applied only to the two hundred feet on either side of stream crossings. Failure of county and
private road fills was assumed nonexistent, because such roads are often on more gentle terrain.
As a consequence, road fill fatlures are rare.

Forest roads were modeled using data developed with the cumulative watershed effects (CWE)
protocol. A watershed CWE score was used to estimate surface erosion from the road surface.
Forest road sediment yield was estimated using a relationship between CWE score and the
sediment yield per mile of road (Figure 1). The relationship was developed for roads on a
Kaniksu granitic terrane in the LaClerc Creek watershed (McGreer, 1998).  Its application to
roads on Belt terrane conservatively estimates sediment yields from these systems. The watershed
CWE score was used to develop a sediment tons per mile, which was multiplied by the estimated
road mileage affecting the streams. In the case of roads, it was assumed that all sediment was
delivered to the stream system. These are conservative estimates of actual delivery.

Figure 1: Sediment export of roads based on Cumulative Watershed Effects scores.

LeClerc Creek Road Sediment
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Forest road failure was estimated from actual CWE road fill failure and delivery data. These data &
were interpreted as primarily the result of large discharge events which occur on 2 10 - 15-year

return period (McClelland et. al, 1997). The estimates were annualized, by dividing the measured

values by ten. The data are typically from a subset of the roads in a watershed. The sediment

delivery value was scaled using a factor reflecting the watershed road mileage divided by the road

mileage assessed. The sediments delivered through this mechanism contain both fine (material

including and smaller than pebbles) and course material (pebbles and larger sizes). The

percentages of fine and course particles were estimated using the described characteristics of the

soils sertes found in the watershed. The weighted average of the fines and course composition of

the B and C soil horizons to a depth of 36 inches was developed using the soils GIS coverage

STATSGO, which contains the soils composition data provided by Soils Survey documents. The

B and C horizons’ composition was used because these are the strata from which forest roads are

normally constructed. Based on the developed soil composition percentage and the estimated

probable yield, the tons of fine and course material delivered to the streams by fill failure was :
calculated. This approach assumes equal delivery of fine and course materials.

Roads cause stream sedimentation by an additional mechanism. The presence of roads in the A
floodplain of a stream most often interferes with the streams’ natural tendency to seek a steady
state gradient. During high discharge periods, the constrained stream often erodes at the road bed,
or if the bed is armored, erodes at the opposite bank or its bed. The erosion resulting from a road
imposed gradient change results in stream sedimentation. The model assumes the roads causing
gradient effects to be those within fifty (50) feet of the stream. The model then assumes one-
quarter inch erosion per lineal foot of bank and bed up to three feet in height. The erosion is from
the soils types in the basin with the weighted percentages of fine and course material. A bulk soil
density of 2.6 g/cc is used to convert soil volume into weights in tons. The tons of fine and
course material are totaled for all road segments within 50 lineal feet of the stream. The bulk of ;
this erosion is assumed to occur during large discharge events which occur on a 10 - 15-year §
return period (McClelland et. al, 1997). The estimates were annualized, by dividing the measured

values by ten.

The model does not consider sediment routing. The model does not attempt to estimate the
erosion to stream beds and banks resulting from localized sediment deposition in the stream bed.
The model does not attempt to measure the effects of additional water capture at road crossings.
It is assumed, that on the balance, the additional stream power created by additional water capture
over a shorter period would increase net export of sediment, even though some erosion would be
caused by this watershed affect.

Where estimates of bank recession have been made along Rosgen C channels, these values are
added into the watershed sediment load. The fine and course material fractions of the bank
material are used to estimate fine and course material delivery.



Model Diagram:

WATERSHED MODEL DIAGRAM
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Model Operation: %ﬁi

The model is a simple Excel spreadsheet model composed of four spreadsheets. Key data as
acreage and percentages are entered into sheets one and two of the model. County and private
road data are supplied in sheet four. The total estimated sediment from the varied sources is
calculated in spreadsheet three.

Assessment of Model's Conservative Estimate:

Several conservative assumptions are made in the model construction, which cause its
development of conservatively high estimations of sedimentation of the streams modeled. These
assumptions are listed in the following paragraphs and a nurnerical assessment of the magnitude of
the conservatism is assigned.

The model uses RUSLE and WATSED to develop land use sediment delivery estimates. The
output values are treated as delivery to the stream. RUSLE dies assume delivery if the slope

assessed is immediately up gradient from the stream system. This is not the case on the majority

of the agricultural land assessed. Estimates made in the Lake Creek Sediment Study indicate that

at most 25% of the erosion modeled was delivered as sediment to the stream Bauer, Golden and

Pettit, 1998). A similar local estimate has not been made with WATSED, but it is likely this

estimate would be 25% as well. The land use model component is 75% conservative.

The roads crossing component of the model assumes 100% delivery of fine sediment from the 200
feet on either side of a stream crossing. It is more like that some fine sediment remains in ditches.
A reasonable level of delivery is 80%. The model is likely 20% conservative in this component.
On Belt terrane, use of the McGreer model is conservative. Since the WATSED coefficient for
Kaniksu granitic is 167% of the coefficient for Belt terrane, this factor is estimated to be 67%
conservative.

Road encroachment is defined as 50 feet from the stream, primarily because this is near the
resolution of commonly used mapping techniques. Roads fifty feet from streams but on side hills
would not affect the stream gradient. The model is likely incorrect on encroachment 20% of the
time and is conservative by this factor.

Fill failure data is developed from the actual CWE field assessments. The CWE assessment does

not assess all the roads in the watershed. The failure rate data is scaled up by the factor of the

roads assessed divided into the actual watershed road mileage. The roads assessed are typically

those remote from the stream system, which are very unlikely to deliver sediment to the stream.

The percentage of watershed roads assessed varies, but it is commonly 60% or less of the

watershed roads. The model is 40% conservative in this component.

Table 1 summarizes the conservative assumptions and assesses its numerical level of over-
estimation.



Table 1: Estimatibn of the conservative estimate of strearn sedimentation provided by the model.

Model Factor Kanfksu Belt
Granitic | Superproup

100% RUSLE and WATSED 75% 75%
delivery

Crossing delivery 2% 0%
McGreer Model 0% 67%

Road encroachment at 50 feet 20% 20%

Road Failure 40% 40%

Total Assessment of Over-estimate 164% 231%

The model provides an over estimate by factors of 1.6 and 2.3 for the Kaniksu and Belt terranes,
respectively. This over estimation is a built in margin of safety of 167% for Cougar and Mica
Creeks and 231% for Wolf Lodge and Latour Creeks.
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Bauer, S.B,, J. Golden and S. Pettit 1998. Lake Creek Agricultural Project, Summary of Baseline
Water Quality Data. Pocketwater Incorporated, 8560 Atwater, Boise ID 83714. 138pp.
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R. L. Schuster, 1997 Assessment of the 1995 and 1996 Floods and Landslides on the
ClearwaterNational Forest, Part I. Landslide Assessment. A Report to the Regional
Forester, NorthemRegion, U.S. Forest Service, December 1997.

McGreer, D. 1998. Personal communication. Western Watershed Analysts, 313 D Street,
Suite 203, Lewiston ID. 83501.

Sandiund, R. 1999. Communication of RUSLE Modeling Results on County and Private
Roads. Natural Resource Conservation Service, Grangevitle ID

USFS. 1994. WATSED - Water and Sedimet Yield Mode. Developed by Range, Air,
Watershed, and Ecology Staff Unit, Region 1, USDA-Forest Service and Montana
Cumulative Watershed Effects Cooperative.



Soil Fines and Stone or Cobble Content Based on Weighted Average of Seil Groups Present

Watershed Fines (%) Stone (%)
Wolf Lodge 50 50
Cedar 50 50
Cougar 90 10
Kidd 70 30
Mica 70 30
Latour 40 60
Fourth of July 60 40
Willow 60 40
Thompson 60 40

—pe

[ 5.1



Appendix C: Sediment Model Data Spreadsheets

41



Wolf Lodge Creek Sediment Budget
Wolf Lodge Watershed Land Use
Sub-watershed

Pasture (ac)

Forest Land (ac)

Unstocked forest (ac)

Highway (ac)

Double Fires (ac)

Wolf Lodge Watershed Roads
Forest roads {mi)

Ave. road density {mi/sq mi)

Forest road crossing freq. #/mi)
Forest road crossing number

County & privete road crossing number
CWE score

Unpaved county and private roads (mi}
Paved county roads (mi)

Yielding Forest roads {mi)

Yielding county and private roads (mi)
Forest road encroaching {mi)

County Road encroaching (mi)

Landuse

Cedar Ck Marie Ck Wolf Lodge Ck.

17

11128
26.1
358

0

92,2

5.7

0.2
20
3

18.9

52
Q
1.5
0.2
6.3
0

23

11537
73.6

0
0

90.1

5
0.1
12

0

18.9

0.8
0
0.9
0.0
25
0

923

15717

47.8
85
0

107.1
4.1
0.4

18.9
4.6
3.5

0.5
6.3
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Sed Yield

Wolf Lodge Creek Sediment Yield and Export Budget from Land Use Types

Watershed Cedar Ck Marie Ck olf Lodge Ck. Yield Coeff. (tons/ac/yt)
Pasture (tons/yr) 2.3 0.7 21.7 0.03
Conifer Forest (tons/yr)(fine) 123.0 132.7 180.7 0.023
(course) 128.0 132.7 180.7

" Unstoched Forest (tons/yr)(fine) 04 1.0 06 0.027
{course) 0.4 1.0 086
Highway (tons/yr){fine) 34 0.0 0.8 0.019
{course) 34 0.0 0.8
Double Fires {tons/yr)(fine) 0.0 0.0 0.0 0.004
{course) 0.0 0.0 0.0
Bank erosion {tonsfyr){fine) 0. 0.0 18.5 33 tons/year (NRCS)
(course) 0.0 0.0 18.5

-Total Yield {tons/yrj(fine) 134.0 134.4 226.4
{course) 131.7 133.7 198.7

County, Forest and Private Road Sediment Yield

Watershed Cedar Ck Matrie Ck off Lodge Ck  Yield Coeff. (tons/mifyr)
Forest Roads .
Surface fine sediment {tons/yr) 136 8.2 314 )
Road failure finas (tons/yn* 0.7 0.0 0.1 ® Uses mass failure and delivery rates developed from CWE protocol pro-rated for road mi
Road fallure course (tons/yn)* 0.7 0.0 0.0  Soil Percent Fines/Cobble* 0.243243
Encroachment fines (tons/yr)# 18.9 8.7 18.9 05
Encroachment course (ons/yri# 16.9 8.7 168 05
County and Private Roads 4 from weighted avearge of fines and stones in soils groups
Surface fine sediment (tons/yr) 16.6 0.0 1386
Road fallure fines (tons/yr) c.0 0.0 0.0
Road failure course {tons/yr) 0.0 0.0 0.0  #Assume: one -quarter inch from three foet banks; density = 2.6 g/cc
Encroachment fines {tonsfyr) 0.0 c.o 0.0 0.020833 D.25"yr/12"
Encroachment course (tonsfyr) 0.0 0.0 0.0 48591072 119*2*3*5280"28317cc/f13%2.6 glcc = ghiyr
908000 454g/1b* 2000 Ibit
53.51539 tiyr/mile
2781
204
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Wolf Lodge Watershed Sediment Export

Sub-watershed

Land use fines export {tons/yr)
Land use course export (tons/yr)
Road fines export {(tons/yr)
Road course export (tons/yr)
Bank fines export {tons/yr)

Bank course expart (tonsfyr)
Total fines expaort tonsfyr)

Total course export tons/yr)

Naturai Background

Totals

Cedar Ck Marie Ck Woif Lodge Ck.

1340
131.7
47.9
17.6
0.0
0.0
181.9
149.3

267

134.4
133.7
14.9
6.7
0.0
0.0
149.2
140.4

268

226.4
188.7
61.9
16.9
16.5
16.5
304.8
232.1

386

Page 1

Wolf Lodge Watershed

4584.8
464.1
1246
41.2
16.5
16.5
635.9
521.8
1157.6

635.9
521.8



Wolf Lodge Watershed County and Private Roads

Cadar Ck
name county/pr miles
AlderCk  county 52

- Marie Ck
name county/pr miles
MareCk county 08

Whif Lodge Ck.
name county/pr miles
Gateway private 09
Stella Ck  private 0.5
- Alder Ck. county 08
Toboggan private 18
Meyer Hill county 1

Wolf Lodge Ck. Road Paved

30

30

20
20
a0
20
30

34
1

0

2
34

8
56

5-10

510
0
510
0
30

500

750

500
500
500
<500
200

S0/50

width grade (%) % gravel slope Igth cutfill
15-20

0100

width grade (%) % gravel slope Igth cutffill

0/100
2515
50150
50/50
50750

Roads

width grade (%) % gravel slope Igth cut/fill base mat. oil textur

natlve  silt loam

base mat. ofl textur

native  sitt loam

base mat. oil textur

cut slope live water tac/yr
vered/sta crosses 30

cut slope five water vaciyr
N.A. 20-100 5

cut slope Hve water tiaclyr

native  silt loam N.A. Crosses 27
native  silt loam vered/sta none 16
native  silt loam vered/sta crosses 28
native velly sift lo vered/uns none 59
native velly slit lo vered/sta crossas 18

Page 1

247

acres
0.55
total

acras

total

acres
0.28

0.28

0.28

tons/year
16.5
18.5

tons/year
(1]
0

tons/year
0.8
o
7.8



Cougar, Kidd and Mica Creeks Sediment Budgets

Watershed Land Use

Sub-watershed
Pasture (ac)

Forest Land {ac)
Unstocked forest (ac)
Highway (ac)

Double Fires (ac)

Road Data

Watershed

Foraest roads (mi)

Ave. road density (mi/sq mi)

Forest road crossing freq. (#/mi)
Forest road crossing number

County & private unpaved road crossing
presumed CWE score

tnpaved county and private roads (mi)
Paved county roads {mi)

Yielding Forest roads {mi)

Yielding county and private roads (mi)
Forest road encroaching (mf)

County Road encroaching {mi)

Cougar
2609
7854

189
59.4
0

Cougar Ck Kidd Ck

50
3
1.6
66
0
15
12.8

5
0
1.8
0

Kidd
1772
1887
78
38
0

18
3.1
0.8
10

1

10

24

0.8

0.1

0.3
0

Landuse

Mica
2606
12209
64
61.8

Mica Ck
40
1.7
0.9
47

2
17.8
1.2

3.6

0.2

1.6
0

Page 1
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Sed Yield

Cougar, Kidd and Mica Creeks Sediment Yielkd and Export Budget from Land Use Types
Yleld Coeff. {tons/ac/yr)

Watershed CougarCk Kidd Ck  Mica Ck Cougar Ck Kidd Ck  Mica Ck
Pasture (tons/yr){fine) 78.3 8386 130.3 ) 0.03 0.05 0.05
Conifer Forest (tons/yr){fine) 268.6 50.2 324.8 0.038
(course) 20.8 215 139.2
Unstoched Forest {ons/yr)(fine) 9.4 3.0 25 0.055
(course) . 1.0 1.3 1.1
Highway (tons/yr){fine) 1.8 0.9 1.5 0.034
(course) 0.2 0.4 0.8
Double Fires (tons/yr)(fine) 0.0 6.0 0.0 0.017 1744
{course) 0.0 0.0 0.0
Tatal Yleld {tons/yr)({fine) 389.1 185.9 600.0
(course)
County, Forest and Private Road Sediment Yleld * Uses mass fallure and delivery rates developed from CWE protocol pro-ratec
Forest Roads
Watershed CougarCk Kidd Ck Mica Ck Yield Coeff. (tons/mifyr)»
Surface fine sediment (tons/yr) 25.0 23 358 5 3 10
Road failure fines (tons/yr)* 384 0.0 23 Soil Percent Fines
Road fallure cobble {tons/yr)* 4.3 0D 1.0 0.9 0.7 0.7 Fines
Encroachment fines (tons/yr)# 9.2 1.1 8.0 0.1 0.3 0.3 Cobble
Encroachment cobble (tons/yry# 16 _ 05 26
A from weighted avearge of fines and stones in soils groups
County and private roads:
Surface fine sediment (tons/yr) 0.0 8.5 0.7 # Assume: one -quarter inch from three feet banks; density = 2.8 g/cc
Road failure fines {tons/yr)* 0.0 0.0 0.0 0.020833 0.25"yr/12"
Road fallure cobble (tons/yr)* 0.0 0.0 0.0 48501972 119*2*3*5280"28317cc/Mt3*2.6 gics = giyr
Encroachment fines (tons/yr# 0.0 0.0 0.0 808000 454g/b* 2000 IbA
Encroachment cobble (tonsfyry# 0.0 0.0 0.0 §3.51538 tiyr/mile

* Fill faiture rated as zero because crossings are bridges or on fiat grade.
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Cougar, Kidd and Mica Creeks Watershed Sediment Export

Sub-watershed Cougar Ck Kidd Ck
Land use fines export (tons/yr) 358.0 142.7
Land use course export (tons/yr) M1 23.2
Road fines export (tons/yr) 63.4 8.7
Road cobble export (tons/yr) 43 0.0
Bank fines export (tons/yr) 9.2 1.1
Bank cobble export {tons/yr) 1.0 0.5
Total fines export tonsfyr) 430.6 152.6
Total cobble export tons/yr) 36.4 237
Naturai Background . 407.0 143.5

Mica Ck

459.0
140.9
38.7
1.0
6.0
26
a03.7
144.4

567.8

Totals



Roads

Cougar, Kidd and Mica Watershads County and Private Roads

Cougar Ck .
name county/pr miles width grade (%) % gravel slope Igth cutffill base mat. soil taxtu cut slope live water taciyr
Stand Elk  private 0.25 20 1 510 >500 /100 basalt covered/sta  none 54
Mdwbrook county 0.75 30 1 75 500 0/100 native covered/sta  none 0.8
Heine county 1.3 30 2 50 >500 25/75 native covered/sta 50’ 5.5
Woodside private 0.5 20 2 50 300 0/100 natlve covered/sta at botlom 1
Noname private 0.35 20 3 5 >500 50750 native uncovered/uns none - 17
Thompson county 1.7 30 4-5 20-30 300400  50/50 native uncovered/uns 20-50 14
Bunn county 0.6 20 34 90 >500 50/50 native covered/ista <100 0.1
CougarEt county 0.5 30 34 50 500 50/50 native covered/sta none 3
Clemetson county 09 30 3-4 50 400 §0/50 basalt covered/sta  crosses 1.8
Stack county 1.7 30 4-5 30 200 50/50 native covered/sta  none 12
- Cougar G. county 1.8 30 4-5 10 400 50/50 native covered/sta  50-100 0.1
Milter county 1.5 30 4-5 20 500 50/50 native uncovered/uns  none 32
Reynokis private 0.9 20 58 15 400-500 50/50 natlve uncovered/uns none 41
i0.3
Kidd Ck.
name county/pr miles \mdth grade (%) % gravel siope lgth cutfil base mat soll textu cut slope live water tiaclyr
Hull county 0.8 23 . 20 ~ »>500 50/50 native covered/sta  none 15
Weniger county 0.8 30 5 10 >$00 50/50 native covered/sta crosses 32
23.5
Mica Ck.
name county/pr mlles width grade (%) % gravel slope igth cutfill base mat. soll textu cut slope live water t/aciyr
Camie  county 015 30 1 50 »500 0/100 basalt covered /sta adjacent 23
Sausser private 0.75 20 1 70-80 >500 0400 nathbasalt covered/sia  crosses 0.7
Mica Sprs private 0.3 20 6 90 100 50/50 natbasalt covered/sta  none 1
. 13
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acres
0.81
2.72
472
1
0.35
g8.18
1.45
1.81
3.2
8.18
6.54
5.45
218

acres
3.27
2.18

acres
0.55
1.81
0.73

tons/year
3.2
22

1.2
4.4
86.5

0.1

5.5

5.0
74.2

0.6
174.5

89.45

tons/year
49 1
69.8

tons/year
1.2
13
0.7



Land Use

Latour, Baldy and Larch Creeks Sediment Budgets
Watershed Land Use

Sub-watershed Latour Ck. Baldy Ck. Larch Ck.
Pasture {(ac) 257 0 0
Forest Land (ac) 23181 5372 548
Unstocked forest {ac) 3855 145 0
Highway (ac) 0 0 0
Double Fires (ac) : 0 0 0
Road Data

Forest roads {mi) 186.9 48.2 0.5
Ave. road density {mi/sq mi) 4.4 54 0.8
Road crossing freq. . 05 11 0
Road crossing number 65 12 0
County and private unpaved road crossings 2 0 0
CWE score 133 133 13.3
Unpaved county and private roads (mi) 4.4 0 0
Paved county roads {mi) 0 0 0
Yielding Forest roads (mi) 49 0.9 0
Yielding County and Private Roads (mi) 0.2 0 0
Encroaching Forest Roads 6.3 04 0
Encroaching County and Private Roads (ml) 0.1 0 0
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sed Yield

Latour, Baldy and Larch Creeks Sediment Yield and Export Budget from Land Use Types

Watershed Latour Ck Bakly Ck Larch Ck _ Yiel Coeff. (tons/ac/yr)
Pasture (tons/yr) 5.1 0.0 0.0 0.02

Conifer Forest {tons/yr)(flne) 213.3 494 5.0 0.023

{course) 318.9 74.1 76

Unstoched Forest (tonsfyr){fine) 416 1.8 0.0 0.027

{course) 82.5 23 0.0

Highway (tonsfyr) 0.0 0.0 c.0 0.019

Double Fires (tons/yr) 0.0 0.0 0.0 0.004

Total Yield (tonsfyr)(fine) 280.0 51.0 5.0

Total Yield {fons/yr){coursa) 3823 76.5 76

- County, Forest and Private Road Sediment Yielkd

Watershed Latour Ck Baldy Ck Larch Ck Yleld Coeff, (tons/mityr)
Forest road
Surface fine sediment (tonsiyr) 248 4.5 0.0 5
Road fallure fines (tons/yn)* 155 0.0 0.0
Road failure cobble (tons/yr)* 232 00 0.0 * Uses mass failure and delivery rates developed from CWE protocol pro-rated
Encroachment fines (tons/yr)y# 13.5 0.9 0.0
Encroachment cobble fonsfyr)# 20.2 1.3 0.0 Soil Percent Fines*
County and private roads 0.4 Fines
Surface fine sediment (tons/yn) 6.2 0.0 0.0 08 Cobble
Road failure fines (tonsfyd)* 0.0 0.0 0.0 A from welighted avearge of fines and stones in solls groups
Road failure cobble (tons/yn* 0.0 0.0 0.0
Encroachment fines (tons/yr) 0.2 0.0 0.0 # Assuma: one -quarter Inch from three feet banks; density = 2.6 g/cc
Encroachment cobble {tons/yr) 0.3 0.0 0.0 0.020833 0.25"yr/12"
Total fine yield (tons/yr) 60.0 54 0.0 48591972 119*2*3*5280™28317cc/342.6 g/ce = giyr
Total cobble yield (tons/yr) 438 1.3 0.0 208000 454g/b* 2000 Ib/t

53.51539 thyr/mile

* Fiil fallure rated as zerc because crossings are briiges or on flat grade.
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Total Sed

Latour Watershed Sediment Export

Sub-watershed Latour Ck Baldy Ck Larch Ck Latour Creek Watershed
Land use fines export {tons/yr) 260.0 51.0 5.0 316.1

Land use course export (fons/yr)  382.3 76.5 76 466.4

Road fines export (tons/yr) 48.3 45 0.0 50.9

Road cobble expori (tons/yr) 232 0.0 0.0 232

Bank fines export (tons/yr) 205 D.9 0.0 214

Bank cobble export {tons/yr) 13.7 1.3 0.0 15.0

Total fines export tonsfyr) 328.9 56.4 5.0 383.4

Total cobble export tonsfyr) 419.3 77.8 716 504.6

Natural Background (tons/yr) e2r.7 126.9 126
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Latour Ck County and Private Roads
width grade (%) % gravel slope Igth cut/fill

name county/pr
Latour Ck  county
Dudley Ck county

miles
3.85
05

30
30

1
1-2

10
10

200
>500

25175
20/80

Roads

base mat. oil textur cut slope live water t/ac/yr

native  silt loam wvered/sta 00'; crosss
native  siltloam veredfsta crosses
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47
13

acras
0.55
0.28
Total

tonsfyear
26
36
8.2



Landuse

Fourth of July, Willow and Thompson Creeks Sediment Budgets
Watershed Land Use

Sub-watershed 4th of July Willow Thompson
Pasture (ac) 1,648 453 618
Forest Land (ac) 16,183 3,386 1,868
Unstocked forest (ac) 185 36 a0
Highway (ac) 336 0 0
Double Fires (ac) g06 0 0
Road Data

Forest roads (mi) 77.6 22.5 21
Ave, road density (mi/sq mi) 2.8 3.7 5.4
Road crossing freq. 12 1.5 2.2
Road crossing number 76 16 23
County and private unpaved road crossings 1 0 0
CWE score 20.2 246 17.3
Unpaved county and private roads {mi)

Paved county roads (mi) - - -
Yielding Forest roads (mi) . 5.8 1.2 1.7
Yielding County and Private Roads (mi) 0.08 - -
Encroaching Forest Roads 0.4 09 1.3
Encroaching County and Private Reads (ml) 0 0 0
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Sed Yield

Fourth of July, Witlow and Thompson Creeks Sediment Yield and Export Budget from Land Use Types

Watershed dth of July Willow Thompson
Pasture (tons/yr)(fine) 46.4 18.1 24.7
Conifer Forest {tons/yr){fine) 2235 46.7 258
{course) 149.0 31.2 17.2
Unstoched Forest (tons/yr)(fine) 27 0.6 1.3
{course) ' 1.8 04 09
Highway (tonsfyr)(fine) 38 0.0 0.0
{course) 28 0.0 00
Double Fires (tonsfyr)(fine) 22 0.0 0.0
{course) 14 a0 0.0
Total Yield (tonsfyr){fine) 2786 65.4 51.8

Total Yield (tons/yr)(course) 154.8 s 18.0

County, Forest and Private Road Sediment Yield

Watershed 4th of July Willow Thompson
Forest road .
Surface fine sediment (tonsfyn 51.8 121 139
Road failure fines {tonsfyr)* 0.8 0.0 c.0
Road failure course (tons/yn)* 0.5 0.0 0.0
Encroachment fines (tons/yry# 13 29 42
Encroachment course (tons/yry# 0.9 1.9 28
County and private roads
Surface fine sediment {tons/yr) 38 0.0 0.0
Road fallure fines (tons/yr)* 0.0 0.0 0.0
Road failure course (tonsiyr)* 0.0 0.0 0.0
Encroachment fines (fons/yri# 0.3 0.0 0.0
Encroachment course {tons/yr# 0.2 0.0 0.0
Total fine ylald {tons/yr) §7.7 15.0 18.1
Total course yiekd {tons/yr) 1.5 19 28

* Fill faflure rated as zero because crossings ara bridges or on flat grade.

Yield Coeff. {tons/ac/yr)
0.03 0.04 0.04
0.023

0.027
0.019

0.004

Yield Coeff. (tons/milyr)
9 10 8

Soil Percent Fines  from weighted avearge of fines and stones in solls grou;
06 0.6 0.6 Fines
0.4 0.4 0.4 Cobble .
# Assume: one -quarter Iinch from three feet banks; density = 2.6 gfcc
0.020833 0.25"yr/1M2"
48591972 119*2*3*5280"28317cc/t3*2.6 gicc = g/yr
208000 454g/1b* 2000 b/t
53.51539 tiyr/mlle

® Uses mass failure and delivery rates developed from CWE protoco! pro-ratec

Page 1



Sed Totals

Fourth of July, Willow and Thompson Creeks Watershed Sediment Export

Sub-watershed 4th of July Willow Thompson
Land use fine export {tonsfyr} 278.6 65.4 51.8
Land use course export (tons/yr) 154.8 31.5 18.0
Road fine export (tons/yr) 571.7 12.1 13.9
Road course export (tons/yr) 1.5 0.0 0.0
Bank fines export (tons/yr) 15 29 42
Bank course export (tons/yr) 1.0 1.9 2.8
Total fines export tons/yr) 337.9 B0.4 69.9
Total course export tons/yr) 157.3 33.5 208
Natural Background 4198 89.1 59.0

Page 1
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3.0 Total Maximum Daily Loads for the Water Quality Limited
Water Bodies of the Coeur d’Alene Lake and River Sub-basin
(17010303)

3.1  Wolf Lodge Creek Watershed Total Maximum Daily Load
3.1.1 Introduction

Wolf Lodge Creek and its tributaries Marie and Cedar Creeks are listed as water quality limited
on the 1998 section 303(d) CWA list. The sub-basin assessment (section 2.0) indicates that Wolf
Lodge Creek is impaired by excess sedimentation. The model used estimated 237 tons/year above
the background sedimentation rate. However, the sediment loading of streams in the northern
Rocky Mountains is not continuous nor does it occur on a yearly basis. The majority of the
sediment resident in the bed and affecting the beneficial uses is loaded in large discharge events
which have a return period of 10 - 15 years. The model accounts for this fact by dividing mass
failure and road encroachment sediment estimates by ten. Wolf Lodge Creek could possibly have
2,370 tons of sediment resident in its bed from the 1996 flood event. This amount added to any
residual sediment from the 1974 and earlier flood events. Marie Creek is listed for habitat
alteration. Habitat alteration is not a characteristic, which can realistically be addressed with a
TMDL. A TMDL addressing the excess sedimentation of Wolf Lodge Creek will require that
sediment loads from Marie and Cedar Creek as well as its other tributaries be addressed.

The Wolf Lodge Creek watershed has the ownership pattern outlined below:

Ownership Acreage

Federal 32,592 82

State 386 1

Private 6,742 17
Total 39,720 100

The land use pattern has the pattern outlined below:

Land Use ' Acreage Percentage
Forest Use

USFS 32,592 82.1
State & Private 5,382 13.5
Agriculture &

Total 39,720 100.0

Stream frontage on agricultural bottom lands is divided as follows:

Streamn Frontage Use Footage Percentage
Working ranch 25,872 48.5
Ranchette 27456 — 313
Total 53,328 100.0
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3.1.2 TMDL Authority ¥

Section 303(d)(1) of the Clean Water Act requires states to prepare a list of waters not meeting
state water quality standards in spite of technology based pollution control efforts and the
application of best management practices for nonpoint sources. This list must include a priority
ranking “... taking into account severity of the pollution and the uses to be made of such waters.”
The prescribed remedy for these water quality limited waters is for states to determine the total
maximum daily load (TMDL) for pollutants ... at a level necessary to implement applicable water
quality standards with seasonal variations and a margin of safety ...” A margin of safety is
included to account for any lack of knowledge about how limiting pollutant loads will attain water
quality.

Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state
be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to ;
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has
another thirty days to develop a list or TMDL for the state. Both the list and all TMDLs, either
approved or developed by EPA, are incorporated into the state’s continuing planning process as
required by section 303(e).

2roy

3.1.3 Loading Capacity

The load capacity for a TMDL designed to address a sediment caused limitation to water quality

is complicated by the fact that the State’s water quality standard is a narrative rather than
quantitative standard. In the waters of the Wolf Lodge Creek watershed, the sediment interfering
with the beneficial use (cold water biota) is most likely large bedload particles. Adequate
quantitative measurements of the effect of excess sediment have not been developed. Given this
difficulty a sediment loading capacity for the TMDL is more difficult to develop. This TMDL and
its loading capacity is based on the following premises:

natural background levels of sedimentation are assumed to be fully supportive of
the beneficial uses, cold water biota.

the stream system has some finite yet unquantified ability to process (attenuate
through export and/or deposition) a sedimentation rate greater than background
rates. _

the beneficial use (cold water biota) in-stream will be fully supported when the
finite yet unquantified ability of the stream system to process (attenuate) sediment
is met.

care must be taken to control factors which may interfere (fish harvest) with the
quantification of beneficial use support.



The natural background sedimentation rate from the Wolf Lodge Creek Watershed is 910 tons per
year. (Background sediment yield = 39,553 acres x 0.023 tons/acre/yr). This calculation assumes
the entire watershed would be vegetated by coniferous forest, if undisturbed. This value is the
interim loading capacity.

3.1.4 Margin of Safety

The model employed to estimate sedimentation rates has several conservative assumptions, which
are documented in Section 2.0, Appendix B. Applied to the Belt terrane of the Wolf Lodge
watershed, the model provides an inherit margin of safety of 231%. This is a sufficient margin of

safety.
3.1.5 Appropriate Measurements of Full Beneficial Use Support

Sediment load reduction from the current level towards the interim sediment reduction goal is
expected to attain an as yet unquantified sediment load at which the beneficial use (cold water
biota) will attain full support. This sediment load will be recognized by the following appropriate
measures of full cold water biota support:

three or more age classes of trout with one young of the year.
trout density a reference levels (0.1-0.3 fish/yd*/hour effort).
presence of sculpin and tailed frogs.

macro invertebrate biotic index score of 3.5 or greater.

When the appropriate sediment loading capacity is determined by these appropriate measures of
full cold water biota support, the interim load capacity will be revised to the appropriate load
capacity.

3.1.6 Sediment Load Allocation

The current estimate of the sediment load capacity of the watershed is 910 tons per year. Model
estimates indicate that 40 tons (16.2%) are from agricultural land and that 217 tons (83.8%) has
its origin from forest land. The sediment load allocated to the forest lands is 763 tons per year
(910 t/yr x 0.838). The sediment load allocated to agricultural lands is 147 tons per year (910 t/yr
x 0.162). The U.S. Forest Service is allocated 655 tons per year (763 t/yr x 0.858), while the
private and State forest land is allocated 108 tons per year (763 t/yr x 0.142). The ranches along
the stream are allocated 71 tons per year (147 t/yr x 0.485), while the ranchettes are allocated 76
tons per year (147 t/yr x 0.515).



Figure 1

Sediment Allocation

Wolf Lodge Creek Watershed
LS. Forest Servica
655 tons/yr

Ranchettes
76 tons/yr
Ranches
Privete & Stete Forest | /@ o™¥"
108 tonadyr

3.1.7 Sediment Load Reduction Allocation
3.1.7.1 Current Sediment Yield from Forest and Agricultural Bottom Lands.

The current estimate of sediment yield from the watershed is 1,157 tons per year (section 2.3.2.8;
table 15) It is estimated that 83.8% has its origin from forest land, while 16.2% has its origin from
agricultural lands along the stream. The sediment load reduction sought from forest lands is 207
tons per year ([1,157 - 910] x 0.838). The sediment load reduction sought from agricultural lands
is 40 tons per year ([1,157 - 910] x 0.162).

3.1.7.2 Forest Lands

Sediment sources from forest lands are primarily associated with the road systems. Prime
sediment sources are roads located in stream flood plains, road crossings of streams and erosion
from road surfaces channeled directly to streams.

The U.S. Forest Service manages 85.8% of the forest lands and is allocated a sediment load
reduction target of 178 tons per year (207 x 0.858) from its lands. Private and State forest
owners manage 14.2% of the forest lands and are atlocated a sediment load reduction target of 29
tons per year (207 x 0.142) from these lands.

3.1.7.3 Agricultural Lands
Agricultural lands or those agricultural lands converted to small ranchettes are located in the

lower Marie and lower Wolf Lodge Creek areas of the watershed. Ranchettes are land holdings
of a few to forty acres. The primary mechanism of sedimentation from the agricultural and

ey



converted lands is stream bank erosion. Bank erosion is the result of riparian vegetation loss and
channelization on working ranch lands and ranchettes. Ranchettes are allocated a sediment load
reduction of 21 tons/ year (40 x 0.515). The two ranches are allocated a sediment load reduction
of 19 tons/ year (40 x 0.485).

Figure 2

|§ediment Reduction Allocationl

Wolf Lodge Creek Watershed
Backgrourd + MOS
910 tonslyr Ranches
18 tonsiyr
Ranchettex
21 tonslyr
Private & State

Forest 29 tonsiyr

U.S. Forest Servica
178 tonslyr

3.1.8 Monitoring Provisions

In-stream monitoring of the beneficial use (cold water biota) support status during and after the
sediment abatement project implementation will establish the final sediment load reduction
required by the TMDL. In-stream monitoring, which will detect the thresholds values identified in
section 3.1.4, will be completed every year on a randomly selected 1% of the watershed’s Rosgen
B and C channel types. Data will be complied after five years. The yearly increments of random
testing, which sum to 5% of the stream after five years should provide a data base not biased by
transit fish and macroinvertebrate population shifts. Based on this data base the beneficial use
support status will be determined. Monitoring will assess stream reaches 20 times bankfull width
in length. These reaches will be randomly selected from the total stream channel in B and C types
until at least 5% of these channels have been assessed after five years. Identical measurements
will be made in appropriate reference streams, in which beneficial uses are known to be
supported.

3.1.9 Feedback Provisions

Data from which the problem assessment and TMDL for the Wolf Lodge Creek watershed were
developed are often crude measurements. As more exact measurements are developed during



implementation plan development or subsequent to its development these will be added to a
revised TMDL as required.

When beneficial use (cold water biota) support meet the full attainment level, further sediment
load reducing activities will not be required in the watershed. The interim sediment loading
capacity will be replaced in a revised TMDL with the ambient sediment load. Best management
practices for forest and agricultural practices will be prescribed by the revised TMDL with erosion
abatement structure maintenance provisions. Regular monitoring of the beneficial use will be
continued for an appropriate period to document maintenance of the full support of the beneficial
use (cold water biota). -



3.2. Cougar, Kidd, and Mica Creek Watersheds Sediment Total Maximum Daily Loads
3.2.1. Introduction

Cougar, Kidd, and Mica Crecks are listed as water quality limited on the 1998 section 303(d)
CWA list. The sub-basin assessment (section 2.0) indicates that these creeks are impaired by
excess sedimentation. Mica Creek is additionally limited by bacteria. A separate TMDL will be
developed for this pollutant of Mica Creek.

Sediment model results indicate that Cougar, Kidd and Mica Creeks exceed the natural
background sedimentation rate by 60, 34.3 and 80.1 tons per year, respectively. However, the
sediment loading of streams in the northern Rocky Mountains is not continuous nor does it occur
on a yearly basis. The majority of the sediment resident in the bed and affecting the beneficial
uses is loaded in large discharge events, which have a return period of 10 - 15 years. The model
accounts for this fact by dividing mass failure and road encroachment sediment estimates by ten.
Cougar Creek could possibly have 600 tons of sediment resident in its bed from the 1996 flood
event, while Kidd and Mica Creek would have 343 and 801 tons, repectively. These amount
added to any residual sediment from the 1974 and earlier flood events.

The Cougar, Kidd and Mica Creek watersheds have the ownership pattern outlined in Table 1:

Table 1: Land ownership pattern of the Cougar and Mica Watersheds
Watershed BLM (acres) (%) State (acres) (%) Private (acres) (%)
Cougar - {0 423 (4) 10,229 (96)
Kidd - - (0} 3,738 (100)
Mica 3B 645 (4.3) 13,964 (93.5)

The land use pattern has the pattern outlined in Table 2a and b.

Table 2: Land use patterns of Cougar, Kidd and Mica Creeks

) Cougar Creek

Land Use Acreage Percentage
State Forest 423 4.0
Private Forest 7.620 71.5
Agricultural 2,609 245
field/pasture

franchettes
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) Kidd Creek

Land Use Acreage Percentage
State Forest 0 [i]
Private Forest 1,965 52.6
Agricultural 1,772 474
field/pesture
franchettes

b) MicaCreek
Land Use Acreage Percentage
BLM Forest 331 22
State Forest 646 43
Private Forest 11,358 76.1
Agricultural 2,606 174
field/pasture
francheties

3.2.2. TMDL Authority

Section 303(d)(1) of the Clean Water Act requires states to prepare a list of waters not meeting
state water quality standards in spite of technology based pollution control efforts and the
application of best management practices for nonpoint sources. This list must include a priority
ranking “... taking into account severity of the pollution and the uses to be made of such waters.”
The prescribed remedy for these water quality limited waters is for states to determine the total
maximum daily load (TMDL) for pollutants “... at a Ievel necessary to implement applicable
water quality standards with seasonal variations and a margin of safety ...” A margin of safety is
included to account for any lack of knowledge about how limiting pollutant loads will attain
water quality.

Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state
be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has
another thirty days to develop a list or TMDL for the state. Both the list and all TMDLs, either
approved or developed by EPA, are incorporated into the state’s continuing planning process as
called for in section 303(¢).

3.2.3 Loading Capacity

The load capacity of a TMDL designed to address a sediment caused limitation to water quality
is complicated by the fact that the State’s water quality standard is a narrative rather than
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quantitative criterion. In the waters of the Cougar and Mica Creeks watersheds, the sediment
interfering with the beneficial use (cold water biota) is primarily moderate to fine grain sands.
Quantitative measurements of the impact of excess sediment have not been developed. Given
this difficulty a sediment loading capacity for the TMDL is more difficult to develop. The load
capacity used in this TMDL is based on the following premises:

background levels of sedimentation are assumed to be fully supportive of the
beneficial use, cold water biota.

the streamn system has some finite yet unquantified ability to process (attenuate) a
sedimentation rate greater than background rates.

the beneficial use (cold water biota) in-stream will respond to a level of full
support, which can be quantified when the finite yet unquantified ability of the
stream system to process (attenuate) sediment is met.

care must be taken to control factors which may interfere (fish harvest) with the
quantification of beneficial use support.

The background sedimentation rates for Cougar, Kidd and Mica Creeks watersheds are provided
in Table 3.

Table 3: Background sedimentation rate and interim loading capacity and margin of safety application

Water body | Acres Sediment load Modeled
capacity sediment yield
(tons/year) to stream
(tonsfyr)
Cougar 10,711 407 467.0
Kidd 3,738 142 176.3
Mica 14,941 568 64%.1

The natural background sediment rates are the interim loading capacities for the three
watersheds..

3.2.4. Margin of Safety

The model employed to estimate sedimentation rates has several conservative assumptions,
which are documented in Section 2.0, Appendix B. Applied to the Kaniksu granetic terrane of
the Cougar, Kidd and Mica watersheds, the model provides an inherit margin of safety of 164%.
This is a sufficient margin of safety.



[

3.2.5. Appropriate Measurements of Full Beneficial Use Support

Sediment load reduction from the current level towards the interim sediment reduction goal is
expected to attain an as yet unquantified sediment load at which the beneficial use (cold water
biota) will attain full support. This sediment load will be recognized by the following
appropriate measures of full cold water biota support:

three or more age classes of trout with one young of the year.
trout density at reference levels 0.1 - 0.3 trout per square meter .
presence of sculpin..

macro invertebrate biotic index score of 3.5 or greater.,

When the appropriate sediment loading capacity is determined by these appropriate measures of
full cold water biota support, the interim load capacity will be revised to the appropriate load
capacity.

[ ]

3.2.6. Sediment Load Allocation
The current estimate of allocatable sediment load capacity of the watershed is provided in table 4. .

The sediment loads allocated to the forest lands and to agricultural/residential lands based on the
acreage values of Table 2 are provided in Table 4.

Table 4: Allocation of sediment load capacity between land uses in the Cougar, Kidd and Mica Creeks Watersheds

Water body Sediment load aflocated | Sediment Load allocated
to Forest Lands (tons/yr) | to agricultural/residential
lands (tons/yr)
Cougar 307 100
Kidd 75 67
Mica 469 99

Forest Land can be further subdivided into federal, state and private forest land. The further
allocation of sediment load capacity to these land uses is provided in Table 5 and figure 1 based
on acreage provided in Tables 1 and 2.

Table 5: Allocation of sediment load ity based on subdivision of'1 8.
Water body Cougar Kidd Mica
BLM forest (tons/yr) 13
Staie forest (tons/yr) 16 24
Private forest (tons/yr) 291 75 432
Agriculture (tons/yr) 100 67

! Reference streams, Two Mouth and Trapper Creeks above development.

4



Figure 1

Allocation of Sediment

Cougar Creek

Privat Forest
291 tonsfyr

State Forast
16 tonadyr

Agriculture
100 tonsiyr

Kidd Creek

Allocation of Sediment

Private Foreat
75 tonafyr

Agriculture
B7 tonsfyr

Allocation of Sediment

Mca Creek

Private Foraat
432 tonslyr

State Forest

24 tonslyr

BLM Forast
13 tonsfyr

Agriculture

28 tonsdyr

3.2.7. Sediment Load
Reduction Allocation



3.2.7.1. Current Sediment Yield from Forest and Agricultural Bottom Lands.

The current estimate of sediment yield from each watershed is provided in Table 3. Based on the

acreage values provided in Tables 1 and 2, the sediment load reduction required of each land use
is provided in Table 6 and Figure 2.

e

sediment | anduwsetype.
Water body Cougar Kidd Mica
BLM forest (tonsfyr) - 1.8
State forest (tons/yr) 24 35
Private forest (tonsfyr) 42.9 18.0 60.9
Agriculture (tons/yr) 14.7 163 13.9




Figure 2

Cougar Creek

|§ediment Load Reduction]

Private Forest
429 tonslyr

State Forest
2.4 tonalyr

Agriculture
14.7 tons/yr

Kidd Creek

Sediment Load 'Reductior1

Private Forast
18 tonsiyr

Agriculture
16.3 tonslyr

Mica Creek

Sediment Load Reductioﬂ

Private Forost
80.0 tons/yr

State Forest
3.5 tonslyr

BLM Forast
1.8 tonsfyr

Agriculture
13.9 tonslyr




3.2.7.2. Forest Lands

Sediment sources on forest lands are primarily associated with the road systems. Prime sediment
sources are roads located in stream flood plains, road crossings of streams and erosion from road
surfaces channeled directly to streams.

3.2.7.3. Agricuitural Lands

Agricultural lands or those agricultural lands converted to small ranchettes are located in the
Cougar Creek watershed. Ranchettes are land holdings of a few to forty acres. The primary
mechanism of sedimentation from the agricultural and converted lands is stream bank erosion
along these streams. Bank erosion is the result of riparian vegetation loss and channelization on
working ranch lands and ranchettes.

3.2.8. Monitoring Provisions

In-stream monitoring of the beneficial use (cold water biota) support status during and after the
sediment abatement project implementation will establish the final sediment load reduction
required by the TMDL. In-stream monitoring, which will detect the thresholds values identified
in section 3.2.4, will be completed every year on a randomly selected 1% of the watershed’s
Rosgen B and C channel types. Data will be complied after five years. The yearly increments of
random testing, which sum to 5% of the stream after five years should provide a data base not
biased by transit fish and macroinvertebrate population shifts. Based on this data base the
beneficial use support status will be determined. Monitoring will assess stream reaches 20 times
bankfull width in length. These reaches will be randomly selected from the total stream channel
in B and C types until at least 5% of these channels have been assessed after five years. Identical
measurements will be made in appropriate reference streams, in which beneficial uses are known
to be supported.

3.2.9 Feedback Provisions

Data from which the problem assessment and TMDL for the Cougar, Kidd and Mica Creeks
watersheds were developed are often crude measurements. As more exact measurements are

developed during implementation plan development or subsequent to its development these will
be added to a revised TMDL as required.

When the appropriate measurements of beneficial use (cold water biota) support status meet the
full attainment level, further sediment load reducing activities will not be required in the
watershed. The interim sediment loading capacity will be replaced in a revised TMDL with the
ambient sediment load. Best management practices for forest and agricultural practices will be
prescribed by the revised TMDL with erosion abatement structure maintenance provisions.
Regular monitoring of the beneficial use will be continued for an appropriate period to document
maintenance of the full support of the beneficial use (cold water biota).



3.3. Latour Creek Watershed Sediment Total Maximum Daily Loads

3.3.1 Introduction

Latour, Larch, and Baldy Creeks are listed as water quality limited on the 1998 section 303(d)
CWA list for sediment. The sub-basin assessment (section 2.0) indicates that Latour Creek is
impaired by excess sedimentation, while this does not appear to be the case for Baldy and Larch

Crecks. A sediment TMDL addressing Latour Creek will of necessity address Baldy and Larch
Creeks.

The model used estimated 126 tons/year above the background sedimentation rate. However, the
sediment loading of streams in the northern Rocky Mountains is not continuous nor does it occur
on a yearly basis. The majority of the sediment resident in the bed and affecting the beneficial
uses is loaded in large discharge events which have a return period of 10 - 15 years. The model
accounts for this fact by dividing mass failure and road encroachment sediment estimates by ten,
Latour Creek could possibly have 1,260 tons of sediment resident in its bed from the 1996 flood
event. This amount added to any residual sediment from the 1974 and earlier flood events.

The Latour Creek watershed has the ownership and land use pattern outlined in Table 1:

Table 1: Land use pattems of Latour Creek

Land Use Acreage Percentage
BLM forest 8,370 25.1 (25.3)
Forest Service forest 1,117 3.3(3.4)
Tribal forest 1,078 32 (3.3)
State Forest 8,427 254 (25.4)
Private Forest 14,109 42,3 (42.6)
Ag/ Residential 257 0.8
subdivision

Note: Values in parenthesis are percentage of forest land.

3.3.2 TMDL Authority

Section 303(d)(1) of the Clean Water Act requires states to prepare a list of waters not meeting
state water quality standards in spite of technology based pollution control efforts and the
application of best management practices for nonpoint sources. This list must include a priority
ranking “... taking into account severity of the pollution and the uses to be made of such waters.”
The prescribed remedy for these water quality limited waters is for states to determine the total
maximum daily load (TMDL) for pollutants “... at a level necessary to implement applicable
water quality standards with seasonal variations and a margin of safety ...” A margin of safety is
included to account for any lack of knowledge about how limiting pollutant loads will attain
water quality.
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Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state
be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has
another thirty days to develop a list or TMDL. for the state. Both the list and all TMDLs, either

approved or developed by EPA, are incorporated into the state’s continuing planning process as
called for in section 303(e).

3.1.3. Loading Capacity

The load capacity for a TMDL designed to address a sediment caused limitation to water quality
is complicated by the fact that the State’s water quality standard is a narrative rather than
quantitative standard. In the waters of the Latour Creek watershed, the sediment interfering with
the beneficial use (cold water biota) is most likely large bedload particles. Adequate quantitative
measurements of the effect of excess sediment have not been developed. Given this difficulty a
sediment loading capacity for the TMDL is more difficult to develop. This TMDL and its
loading capacity is based on the following premises:

natural background levels of sedimentation are assumed to be fully supportive of
the beneficial uses, cold water biota.

the stream system has some finite yet unquantified ability to process (attenuate
through export and/or deposition) a sedimentation rate greater than background
rates.

the beneficial use (cold water biota) in-stream will be fully supported when the

finite yet unquantified ability of the stream system to process (attenuate) sediment
is met.

care must be taken to control factors which may interfere (fish harvest) with the
quantification of beneficial use support.

The natural background sedimentation rate from the Latour Creek Watershed is 767 tons per
year. (Background sediment yield = 33,359 acres x 0.023 tons/acre/yr). This calculation assumes

the entire watershed would be vegetated by coniferous forest, if undisturbed. This value is the
interim loading capacity.

3.1.4. Margin of Safety

The model employed to estimate sedimentation rates has several conservative assumptions,
which are documented in Section 2.0, Appendix B. Applied to the Belt terrane of the Latour

watershed, the model provides an inherit margin of safety of 231%. This is a sufficient margin of
safety.
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Table 2: Background sedimentation rate (interim loading capacity) and modeled sediment yicld of Latour Creek

Waterbody | Acres Background Modeled
sedimentation rate | sediment yield
(tons/year) to stream
(Acres x 0.023 (tons/yr)
tons /acre/ year)

Latour 33,359 767 893

3.3.5. Appropriate Measurements of Full Beneficial Use Support

Sediment load reduction from the current level towards the interim sediment reduction goal is
expected to attain an as yet unquantified sediment load at which the beneficial use (cold water
biota) will attain full support. This sediment load will be recognized by the following
appropriate measures of full cold water biota support:

three or more age classes of trout with one young of the year.
trout density a reference levels (0.1-0.3 fish/yd*/hour effort).
presence of sculpin and tailed frogs.

macro invertebrate biotic index score of 3.5 or greater.

When the appropriate sediment loading capacity is determined by these appropriate measures of
full cold water biota support, the interim load capacity will be revised to the appropriate load
capacity. '

3.3.6. Sediment Load Allocation

The current estimate of allocatable sediment load capacity of the watershed is provided in table 2.
The sediment load allocated to the forest lands and to agricultural/residential lands based on the

a 90% forest and 10% agriculture/ residental lands assumption (Table 3). The agriculture/
residential lands are provided a higher allocation than would be expected from the 0.8% land
base in these uses. The higher assumed allocation is based on the presence of bank erosion
adjacent to these properties.

Table 3: Allocation of sediment load capacity between land uses in the Latour Creek Watershed

Waterbody Sediment load allocated | Sediment Load allocated
to Forest Lands {tons’yr} | to agricultural /
residential lands (tonsfyr)

Latour 690 77

Forest Land can be further subdivided into Forest Service, BLM, State, Tribal and private forest
land. Stream bottom pasture land is completely divided into residential (ranchette) lands. The
further allocation of sediment load capacity to these land uses is provided in Table 4 and figure 1
based on acreages provided in Tables 1.



Table 4: Allocation of sediment load capacity based on subdivision of land use types.

Waterbody Latour
Forest Service (tons/yr) 23
BLM (tons/yr) 175
Tribe (tonsfys) o
State (tons/yr) 175
Private forest (tonsfyr) 294
Ag / residential (tons/yr} 77

] Figure 1

Sediment Load Capacity Allocation
Latour Creek
Ag 7 Residential Private Forest
77 tonalyr 264 tonslyr
Foraat Service
23 tonslyr
BLM : State Forests
175 tonaly r Tribe 175 tonalyr
23 tonslyr
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3.3.7. Sediment Load Reduction Allocation
3.3.7.1. Current Sediment Yield from Forest and Agricuttural Bottom Lands.

The current estimate of sediment yield for the watershed is provided in Table 2. The sediment
reduction required is 126 tons per year ( 893 t/yr - 767 t/yr). Based on the acreage percentages
provided in Tables 1, the sediment load reduction required of forest lands is 113 tons per year
(126 t/yr * 0.9) and 13 tons per year (126 t/yr * 0.1) from agricuiture land. The sediment
reduction required of each owner group is provided in table 5 and figure 2.

Table 5: Allocation of sediment load reduction required of cach 1and use type.

Waterbody Cougar
Forest Service {tons/yr) 4
BLM (tons/yc) 28
Tribe (tonsfyr 4
State forest (tonsfyr) 29
Privaie forest (tonsfyr) 48
Ag / residential (tons/yr) 13
Figure 2
Sediment Load Reduction Allocatio
Latour Creek
Ag / Residentlal Private Forast
13 tong/yr 48 tonsiyr
Foreat Service
4 tonsdyr
BLM State Forest
28 tonslyr Tribe 29 tonsiyr
4 tonglyr




3.3.7.2. Forest Lands

Sediment sources from forest lands are primarily associated with the road systems. Prime

sediment sources are roads located in stream flood plains, road crossings of streams and erosion
from road surfaces channeled directly to streams.

3.3.7.3. Agricultural Lands

Agricultural lands converted to small ranchettes are located in the Latour Creek watershed.
Ranchettes are land holdings of a few to forty acres. The primary mechanism of sedimentation
from the agricultural and converted lands is stream bank erosion along these streams. Bank
erosion is the result of riparian vegetation loss and channelization on working ranch lands and
ranchettes.

3.3.8. Monitoring Provisions

In-stream monitoring of the beneficial use (cold water biota) support status during and after the
sediment abatement project implementation will establish the final sediment load reduction
required by the TMDL. In-stream monitoring, which will detect the thresholds values identified
in section 3.1.4, will be completed every year on a randomly selected 1% of the watershed’s
Rosgen B and C channel types. Data will be complied afier five years. The yearly increments of
random testing, which sum to 5% of the stream after five years should provide a data base not
biased by transit fish and macroinvertebrate population shifts. Based on this data base the
beneficial use support status will be determined. Monitoring will assess stream reaches 20 times
bankfull width in length. These reaches will be randomly selected from the total stream channel
in B and C types until at least 5% of these channels have been assessed after five years. Identical
measur¢ments will be made in appropriate reference streams, in which beneficial uses are known
to be supported.

3.1.9. Feedback Provisions

Data from which the problem assessment and TMDL for the Latour Creek watershed were
developed are often crude measurements. As more exact measurements are developed during
implementation plan development or subsequent to its development these will be added to a
revised TMDL as required. '

When beneficial use (cold water biota) support meet the full attainment level, further sediment
load reducing activities will not be required in the watershed. The interim sediment loading
capacity will be replaced in a revised TMDL with the ambient sediment load. Best management
practices for forest and agricultural practices will be prescribed by the revised TMDL with
erosion abatement structure maintenance provisions. Regular monitoring of the beneficial use
will be continued for an appropriate period to document maintenance of the full support of the

———
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beneficial use (cold water biota).



34  Mica Creek Watershed Bacteria Total Maximum Daily Load
3.4.1 Introduction

Mica Creek and its North Fork exceed the current fecal coliform bacteria standard for the
designated use secondary contact recreation (Table 1). The current standard is a geometric mean
of 200 fecal coliform per 100 ml of water over a thirty-day period. The proposed Escherichia
coli (E-coli) standard for recreational use will be a geometric mean over a thirty-day period of
126 E-coli per 100 ml water. The TMDL is written for both standards in the event it changes in
the next year.

Table 1: Fecal and E coli form bacteria from two locations on Mica Creek

Date Mica Creek FC Mica Creek EC NF Mica Creek FC NF Mica Creek EC
7123199 5100 ) 2900 400 180
7/23/99 1300 200
7/21/99 570 150 600 130
7/30/99 730 630 500 380
8/4/99 800 220 720 190
8/24/99 570 300 600 300

Geomeiric Mean 993 535 553 216

There are no point sources discharging bacteria to Mica Creek. Potential sources of bacteria to
Mica Creek are residences and grazing animals. Seven residences are located along the creek. It
is unlikely that these few residences are the source of the bacteria. Three ranches and one
ranchette graze livestock along the stream. These grazing animals and particularly the cattle
associated with the three ranches are the likely source of the observed bacteria exceedence.

3.4.2 TMDL Authority

Section 303(d)(1) of the Clean Water Act requires states to prepare a list of waters not meeting
state water quality standards in spite of technology-based pollution control efforts and best
management practices applied to nonpoint sources. This list must include a priority ranking “...
taking into account severity of the pollution and the uses to be made of such waters.” The
prescribed remedy for these water quality limited waters are for states to determine the total
maximum daily load (TMDL) for pollutants “... at a level necessary to implement applicable
water quality standards with seasonal variations and a margin of safety ...” A margin of safety is
included to account for any lack of knowledge about how limiting pollutant loads will attain
water quality.

Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state
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be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has
another thirty days to develop a list or TMDL for the state. Both the list and all TMDLs, either
approved or developed by EPA, are incorporated into the state’s continuing planning process as
called for in section 303(e).

3.4.3 Loading Capacity

Measured discharge on Mica Creek was 2.5 cubic feet per second (cfs), while the North Fork was
measured at 1.7 cfs. These are the only measurements available. These measurements were made
during August 1995, For purposes of calculation the loading capacity a mean summer discharge
of 4 cfs and 2.7 cfs were assumed for Mica Creek and its North Fork, respectively. These are
conservatively high summer discharge estimates.

The loading capacity was based on the most stringent chronic standards, 200 fcu/ 100 ml for
fecal coliform, the current secondary contact recreation standard (IDAPA 16.01.02.250.01.b.iii)
and 126 ecu/100ml for E-coli, the proposed recreational use standard. Use of these standards .
employs the most conservative case for load capacity calculation, Load capacity for fecal
coliform and E-coli are provided in Table 2. The mathematical calculations are provided in

Appendix A. .

Table 2: Loading Capacity and Loading Capacity with 20% Margin of Safety Applied

Stream fou loading capacity | ecu loading feu loading capacity | ecu loading
(number/d) capacity (umber/d) | - MOS® (number/d) | capacity - MOS"
{(number/d)
Mica Creek 1.96 x 10" 1.23 x 10" 1.57 x 10% 9.87 X 10°
NF Mica Creek 1.32 x 10" 8.32x10° 1.06 x 10" 6.66 x 10°

* Note: MOS applied is 20%, which for these mnmbers would range from 1.6 to 3.9 billion coliform units,

3.4.4 Margins of Safety -

Three margins of safety are constructed into the TMDL. This is necessary because a very limited
amount of discharge and coliform data is available on which to base the TMDL. Since only a
single set of discharge values are available the assumed flow is placed at a high summer flow for
a stream likely able to support secondary contact activities. The chronic standards are employed
to construct the loading capacity. This is the most stringent standards of the three available. A
twenty percent margin of safety is removed from the loading capacities in order to account for the
limited number of coliform observations.



3.4.5 Current Coliform Loads

Current coliform loads were developed using the geometric mean and the assumed flows
provided in section 3.4.1 and 3.4.3. Current loads were estimated with the identical method as
the loading capacity except the geometric means of the observed values were used (Table 3;
Appendix A).

Table 3: Estimates of current coliform bacteria loads of Mica Creek and North Fork Mica Creek

Stream Fecal Coliform/d E coli/d
Mica Creek 9.72 x 10" 541 x 10V
NF Mica Creek 3.53x 10" 143 x 10"

3.4.6 Coliform Reductions Regquired

The coliform reductions required are provided in Table 4. These values are the subtraction of the
loading capacity modified for the margin of safety (Table 2) from the estimates of current
coliform loads (Table 3). The resulting numbers are very large and difficult to grasp. For this
reason the percentage coliform reduction is expressed.

Table 4: Estimated coliform reductions for Mica Creek and North Fork Mica Creek and the percent reductions
required

Stream Fecal Coliform/d E coli/d
Percent Reduction | Percent Reduction

Mica Creek 8.15x 10" (83.9%) | 4.42x 10" (81.8%)

NF Mica Creek 247X 10% (70.1%) | 7.64 x 10° (53.3%)

Bacterial contamination is from nonpoint sources. The majority of the bacterial contamination is
most likely from grazing animals. The majority of these animals are on three ranches. One ranch
is on the North Fork Mica Creek while the other two are below the North Fork - South Fork
confluence. The entire allocation for the North Fork and the reduction required for the North
Fork can be ascribed to the ranch to the west of Highway 95. The additional reductions required
for Mica Creek would come from the ranches to the east of the highway and the small amount of
stock on the single ranchette.

3.3.7 Monitoring Provisions
In-stream monitoring of the fecal coliform and E coli will be conducted after bacteria abatement

project implementation. In-stream monitoring which should detect the bacteria reductions
required in section 3.4.6 will be completed every two years at points of compliance at the Loff’s



Bay Road Bridge and the Highway 95 Bridge. Two sample sets will be collected during the low
discharge (summer) period. A sampling set will include at a minimum five integrated samples
over a two week period. From these data geometric means can be developed.

3.4.8 Feedback Provisions

Data, from which the problem assessment and Mica Creek bacteria TMDL. was developed, are
often limited measurements. If more measurements are made during implementation plan
development or subsequently to its development. These data will be used to revised the TMDL
as required.

When the coliform levels meet the appropriate standard and bacteria reduction, further bacteria
load reducing activities will not be required in the watershed. Best management practices for
agricultural practices will be prescribed by the revised TMDL with structure maintenance
provisions. Regular monitoring of the bacteria levels will be continued for an appropriate period
to establish maintenance of the full support of the coliform standard.



Appendix A



4, Draft Response to Comments on the Coeur d’Alene Lake and River
Sub-basin Assessment and Wolf Lodge, Cougar, Kidd, Mica and Latour
Creek TMDLs.

4.1. Introduction

Three letters of comment on the sub-basin assessment and TMDLS have been received. These
letters contained twenty-three substantive and distinctive comments. In addition to the
comments, the sediment modeling technical advisory group met to discuss the sediment model
and to discuss any comment made concerning the sediment model. The sediment model advisory
group is made up of hydrologist and sedimentologists from state and federal agencies (USFS,
BLM, IDL, SCC, IDFG), an environmental group and the timber industry. The comments are
addressed in the section following with the comment expressed, the source of the comment and
the response to that comment. Responses included changes in the assessment and the TMDLs.
If a comment was not accepted, the reason the comment was disregarded is expressed.

4.2. Substantive Comments and Response

Comment I: The acute salmonid sight feeding turbidity standard was misstated in the sub-basin
assessment, Table 3 and misapplied to Lake Creek. The text on Lake Creek
indicates that this water body is not limited by sediment.

Comment from: Nickolas Bugosh, Division of Environmental Quality Lewistion Field Office

Response 1:  The acute salmonid sight feeding turbidity standard was misstated in Table 3.
This error has been corrected to make clear that both the acute and chronic
standards are applied in reference to a measured appropriate background
measurement. The Lake Creek section has been clarified to state that the turbidity
increases reported are referenced to an upstream background site in the work of
Bauer, Golden and Pettit (1998). Following these clarifications, it is still the
conclusion of the sub-basin assessment that Lake Creek is water quality limited
and requires a TMDL., '

Comment 2: RUSLE was used to model the sediment yield of dirt and gravel roads. The
_ comment expresses the opinion that this is an improper application of RUSLE,
because RUSLE has not been verified for roads.

Comment from: Nickolas Bugosh
Response 2:  On the advice of the State DEQ office and the local Natural Resource
Conservation Service (NRCS), RUSLE was used to model dirt and gravel roads

which are county and private roads. The newer versions of RUSLE are capable of
modeling roads composed of native soils and covered with gravel. These roads
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Comment 3:

should be in areas where NRCS Soils Surveys are complete. The model has been
verified for this use. The sediment technical advisory group discussed this issue
and was in agreement that it was appropriate to model county and private roads
where Soil Surveys existed with the RUSLE model,

The margin of safety (MOS) discussion section in the TMDLs is not clear. It
reads as if the MOS should be added to the natural background rate of
sedimentation, even though it is subtracted in the tables. In addition the need fora
10% margin of safety was questioned. The comment noted that the model used to
estimate sediment was repeatedly conservative in its assumptions. The comment
suggested the conservatism of each assumption be quantified. It was suggested
that this is an adequate MOS as specified by EPA TMDL. guidance (EPA, April
1991).

Comment from: Nickolas Bugosh

Response 3:

Comment 4:

Based on this comment the 10% margin of safety was dropped. As a part of the
revised Sediment Model Assumptions and Documentation section (Appendix B),
the conservatism of each assumption was assessed as a percentage. These
percentages were then added. For the Kaniksu granitic terrane, the model is 164%
conservative; for the Beit Meta-sedimentary terrane, the model is 231%
conservative. These percentages have been applied in the TMDLS as the MOS,
dependent on the terrane type of the watershed in question.

The basic premise of the Wolf Lodge TMDL is weak because the temporal and
spacial variability of fish and macro invertebrates make it difficult to measure a
substantive improvement. The comment notes that no one to one or other
relationship between biotic populations and sediment has been found. The
monitoring plan should calculate sample size based on coefficients of variability.
Reference streams cannot be used because of this variability. The comment
suggests that particle size distribution and intergravel dissolved oxygen
measurements would bolster the monitoring plan.

Comment from: Robert Sampson, Natural Resources Conservation Service, Boise Office

Response 4:

The monitoring plan has been revised in the TMDLSs to address temporal biotic
variability. The 5% of the stream reach will be monitored, 1% per year over a
five years period. This approach should address temporal variability of the biota.
Monitoring by necessity will be limited to the low flow period during the warm
summer months. This fact reduces seasonal variability.

The comment makes an excellent point. There is no one to one or other
relationship between biota and sedimentation. This is the reason the approach is



Comment 5:

taken in the TMDLs. Despite all the issues of temporal and spacial variability,
assessment of Beneficial Use Reconnaissance, Fish and Game, Forest Service and
University of Idaho data on fish and macro invertebrates in the nearby North Fork
Coeur d’Alene River watershed indicates a pattern (IDEQ, 1999a) Reference (low
impact) streams consistently have a trout population of 0.1-0.3 fish/ m*hour effort
electrofishing. This is a broad range 10 - 30 fish per 100 square meters per hour
effort electrofishing. The reference streams assessed are of varying size. A
similar range is found in reference streams in the Priest Lake watershed.

Densities an order to two orders of magnitude lower are found on streams with
sedimentation impacts. The use of qualitative indicators as young of the year, age
classes and presence of other vertebrates rounds out the definition of full support.

The suggestion that coefficients of variability be developed and used to develop
sample size is a good suggestion. Unfortunately, the current data base on any
single watershed is insufficient to complete a sample size analysis. The TMDL
implementation plans should specify that this analysis is completed as additional
biotic community data is collected. The suggestion that particle size and
intergravel dissolved oxygen would improve the monitoring plan is erroneous.
Particle size is only very tangentially related to beneficial use support, while
intergravel dissolved oxygen depletion is not an issue in any of the watersheds for
which TMDLs were developed. Pool filling by cobble and course sand are the
likely impacts to fish (IDEQ, 1999b), while the impact to macro invertebrates is
less clear. Neither parameter can be directly related to the support status of the
biotic communities.

The base sedimentation coefficient used are too low. The sedimentation rates
used grouped around 15 (Belt) and 25 (Kaniksu granitic) tons per year. The
comment cites considerable information to indicate that 60 - 100 tons per year is a
more appropriate number.

Comment from: Robert Sampson

Response 35:

Comment 6:

The model uses the sediment yield coefficients of the WATSED model. This
issue was raised with the sediment technical advisory group. The agency and
private hydrologists on the group were satisfied with the WATSED values. The
only explanation offered was that the values cited by the comment were those for
total solids yield; sediment as well as dissolved solids. The WATSED values are
actual measured values, which are calibrated to local conditions on the Clearwater
Forest to the south. On the advice of the technical group the WATSED
coefficients have been retained.

Road erosion is the primary source of sediment. The comment suggests county
and private roads should have been considered.



Comment from: Robert Sampson

Response 6:

Comment 7:

The reviewer did not have benefit of the sub-basin assessment as the Wolf Lodge
TMDL was reviewed and comment developed. The county and private roads
were considered. Where these came into contact with the stream system, either as
at a stream crossing or encroaching, their impact was modeled. The CWE
assessment accounted for any mass failures from county and private roads.

The level of sedimentation attributable to bank erosion from agricultural lands
along Wolf Lodge Creek is an order of magnitude too high. The correct values
are around 30 (actually 33) tons per year.

Comment from: Robert Sampson

Response 7:

Comment 8:

The sediment delivery from banks placed in the earlier drafts of the TMDL were
based on an earlier version of the model which generated higher sediment delivery
rates and on the agricultural acreage. The model has been corrected and the bank
erosion estimates supplied by the NRCS incorporated. The percentages assigned
to agriculture and residences are now based on the estimated sediment delivery
from these sources.

The reviewer after viewing the stream reach covering agricultural lands did not
find bed load to be a problem in the stream. He did not find the statement on bed
load impacts to be supported.

Comment from: Robert Sampson

Response 8:

Comment 9:

The reviewer was supplied with the TMDL alone and did not have benefit of the
sub-basin assessment where many of these issues were discussed. The Coeur
d’Alene Mountains are deeply dissected having relative long lower gradient
valleys, which at their heads are very steep. The Wolf Lodge Valley is a remnant
lake bed of an earlier Coeur d’Alene Lake. The result is that the agricultural lands
are along a stream of fairly low gradient. Bed load deposition and interference
with biota by this mechanism occur above this reach. The agricultural reaches of
Wolf Lodge Creek and especially the spawning reach immediately above
Interstate 90 are more likely affected by fine sediment from bank erosion.

Timber management is described as moderately intense with dense road

development (p.5). The assessment should have a timber harvest inventory of the
listed watersheds.

Comment from: Mike Mihelich, Kootenai Environmental Alliance



Response 9:

Comment 10:

The description in the cultural impacts section was generalized to the entire sub-
basin. The comment is correct Wolf Lodge and Cedar Creeks have received heavy
levels of timber harvest and road development. This change has been made in the
text. It was not deemed necessary to develop a harvest history for each listed
watershed. These data are imbedded in the CDASTDS (USFS) and Idaho
Department of Lands (IDL) geographic information system (GIS) vegetation
coverages. The purpose of the assessment, models and resulting TMDLs was to
address sediment not clearcuts. The Horizon Environmental Impact Statement
information quoted was more than ten years old, while the GIS coverages are
updated on a constant basis.

Direct hill siope erosion from harvested lands is much higher than the values
assigned. A Geomax report of 1988 indicates higher hill slope erosion. Water
yield caused sedimentation is not addressed. The fishery in the watersheds has
declined in recent years.

Comment from: Mike Mihelich

Response 10:

Comment 11:

The expert group assembled to advise in model development by consensus of
those present believe the WATSED sediment yield coefficients, which are based
on actual watershed measurements of sediment yield reflect the sediment vield of
hill slopes after various land uses. The Geomax estimations sited are based on
assumptions of water and sediment yield not on actual measurements. The
Geomax estimates were made for Marie Creek are ten years old and prior to the
harvest which arose from Horizon. When these estimates were made, the cutting
was confined to the ridges. Current GIS data indicates the same situation exists in
the Marie Creek watershed.

We agrec that harvest increases flow. The existing literature indicates it is the
base flow that is increased. Flow increases during high discharge periods are
better associated with an increase in the stream capture area at stream road
crossings. In any case no quantitative relationship between increased flow or
“compression” of discharge events and sediment yield was identified by the expert
group. Without a relationship quantitative modeling is not possible. The model
does identify road crossings, which could be addressed in an implementation plan
for road sediment, road failure and water capture.

Description of the fishery in the Coeur d’ Alene River above Cataldo is
questioned.

Comment from: Mike Mihelich



Response 11:

Comment 12:

The cutthroat trout and chinook salmon fishery of the upper segments of the
Coeur d’Alene River is well known to Idaho Fish and Game and local fisherman.
The large river BURP results indicate the health of the fishery. Unpublished
expert witness reports from the metals natural resource damage case indicates
12,000 fish per mile in these segments.

RASI data for Skookum Creek should be applied to Wolf Lodge and Marie
Creeks.

Comment from: Mike Mihelich

Response 12:

Comment 13:

Skookum Creek is a tributary to the Little North Fork Coeur d’Alene River.
Riffle armor stability (RASI) data for this and several other water bodies in the
North Fork Coeur d’Alene River has been assessed in the North Fork Coeur
d’Alene River Sub-basin Assessment (17010301). High RASI values indicate
stream bed stability, but are distinctive to the watershed where it is collected. The
Skookum Creek data would not properly be extrapolated to Wolf Lodge Creek.

Residual pool volume data from the Horizon EIS should be considered.

Comment from: Mike Mihelich

Response 13;

Comment 14:

Residual pool volume data, where it is available from recent BURP surveys is
assessed. The Horizon data is more than ten years old. Since it was developed, a
major sediment loading event, the 1996 rain on snow event, and two channel
forming flows, 1997 and 1999 discharges have occurred. Residual pool volume
data of ten years ago plus is likely not indicative of in stream conditions,
especially after the channel forming runoffs of 1997 and 1999,

Simply addressing the roads in Wolf Lodge Creek will not address sediment
problems.

Comment from: Mike Mihelich

Response 14:

We agree that timber harvest activities have impacted Wolf Lodge and Marie
Crecks. The sediment technical advisory group identified only quantitative
relationships between road features and sediment. The model used points back to
the road features. Implementation of the TMDL will be outlined in an
implementation plan. The TMDL does not in any way encumber the solutions in
an implementation plan. Although the model points to roads and road impacts,
logging cessation is not in any way ruled out by the TMDL. Such decisions are
not appropriate for the load allocation.



Comment 15: Several comments refer to the use of the model, WATSED and its shortcomings.
Comments speak to inadequate documentation of WATSED.

Comment from: Mike Mihelich

Response 15: The model assumptions and documentation (Appendix B) make it very clear that
WATSED is not used to model sediment. It is made clear the WATSED sediment
yield coefficients, both mean and range are used to model sediment from forest
land use. The model is designed to look at the spectrum of land use, road impacts
and stream bank erosion. It uses several data and model inputs to achieve this
end.

The model does account for episodic sediment loading both as measured road bed
failures and estimated encroaching roads sediment generation. The mode! does
separate fine and course sediment yield to the streams. An estimation of the
conservatism of the model is made in the model assumptions and documentation
(Appendix B). Applied on the Belt terrane, the model is estimated to be 231%
conservative,

Comment 16: The applied model underestimates sediment yield from harvested land and the
amount of non-stocked land in the Wolf Lodge Creek watershed.

Comment from: Mike Mihelich

Response 16. As stated earlier, the model is driven by inputs from Forest Service and IDL GIS
data bases. These data bases are made current on a regular basis. The source of
the comment information is 5 - 10 years old and most likely out of date. As
originally applied, all clearcut lands younger than ten years were given a higher
sediment yield rate. The sediment technical advisory group identified this
approach as in error and indicated that only non-stocked stands should have the
higher coefficient applied.

Comment 17: The comment is addressed to section 2.4.1; Pollution Control Efforts to Date. The
comment indicates that addressing roads alone will not recover Wolf Lodge
Creek. The comment refers back to the arguments made earlier concerning flow.

Comment from: Mike Mihelich

Response 17: The section simply lists the pollution control measures put in place to date.
Among these is road crossing and road obliteration. Comments about flow have
been addressed earlier. The comment wants sedimentation associated with flows
addressed. The model addresses sediment that can be addressed through
quantitative measurements. No measured relationship has been identified for flow
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and sedimentation.
Comment 18: Similar comment to comment 17 made concerning section 2.4.2.; Pollution

Contro] Strategies. The comment disagrees with a pollution credit trading system'
to address road problems.

Comment from: Mike Mihelich

Response 18: The section simply lays out approaches, but is not intended to exclude any
approach to abating sedimentation. A TMDL implementation plan could identify
harvest cessation as an approach on some or all of the watershed. A conflict in
points of views is apparent between the sediment technical group and the
individual making the comment. The group clearly believes roads are the major
source of sediment, while clear cuts are believed by the individual commenting to
be the major source of sediment. As the TMDL development agency, DEQ must
base models on quantities of sediment loading. No measured relationship
between sediment loading and flow is offered in the comment. The model
depends on measured sediment yield rates, measured fine sediment yield from
roads, measured road bed failures and delivery and measured encroaching road
beds.

The individual commenting must also keep in mind that sediment is not delivered
in large amounts to the stream monthly or even annually, but in episodic events,
which recur every 10 - 15 years. Actual measurements must be annualized in
order to develop a sediment load in tons per year. This does not mean the load
from these episodes does not influence the beneficial uses after one year. Itisin
the bed and affecting uses for a number of years. The TMDLs make this point
and provide estimates of how much material might be in the bed from the most
recent (1996) large loading event.

Comment 19: The Clean Water Acts interim goal of protection of fish will not be met.
Comment from: Mike Mihelich

Response 19: The TMDL sets full support of the cold water biota as the goal. It defines full
support in terms of age class distribution of trout, trout density, presence of other
key vertebrates and a macro invertebrate index greater than 3.5. Since the amount
of sediment impacting cold water biota has not been quantified for any stream and
not for these streams this appears the most conservative approach to the state.

Comment 20: Timber sales are not addressed as point discharges.

Comment from: Mike Mihelich



Comment 20: This is currently a draft regulation. It is unclear whether it will be promulgated. b
For this reason it has not been addressed.

Comment 21: The comment disagrees with the assumptions stated on page 2 of the Wolf Lodge
TMDL.

Comment from: Mike Mihelich

Response 21: The assumptions are 1)biota are fully supported at background levels of
sedimentation; 2) the stream has some finite level of sedimentation above
background at which the biota is fully supported; 3) the biota will respond to a
level of full support when that as yet non-quantified level of sedimentation is met.
The state, respectfully, believes these assumptions to be correct.

Comment 22: The comment disagrees with the background level of sedimentation estimated for A
the Wolf Lodge Creek watershed citing problems with the WATSED model.

R LA

Comment from: Mike Mihelich

Response 22: The background estimation is not based on WATSED, but on the sediment yield .
coefficient from WATSED, which is based on measured values. The estimate is §
clearly identified as the acreage of the watershed multiplied by the mean sediment
yield coefficient for the Belt meta-sedimentary terrane type. The estimate assumes
a totally forested, non-roaded watershed. ;

Comment 23: The comment indicates that the Forest Service uses feedback management
approaches and that the reviewer has no faith in such approaches.

Comment from: Mike Mihelich

Response 23: As reviewed earlier, clear measures of full support of the beneficial use cold water
biota are defined. These measures are based on reference streams primarily in the
upper part of the North Fork Coeur d’Alene River watershed. Except for wild
fires during the early part of the 20th century, few human caused impacts to these
watersheds exist. The goal is based on measurable vatues not on value
judgements.
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RECEIVED

NOV 30 1999

IDHW-DEQ
Coetx d'Alene Field Office

RE: Peer Review of Subbas' Assessmeﬁt

John Cardwell asked that I p revie the Coeur d’ Alene Lake and River Subbasin Assessment.
I went through the SBA, W Lodge ek, and Cougar and Mica Creek TMDL calculations and
allocations. The review completed. those should help you revise the others. I marked
comments in red as I read. Many are the sort of typos and small grammatical things that I know
authors stop seeing after the " draft. Other comments marked on the draft are suggestions for
improving readability. Use or ignore my suggestions as you choose and call if you want to
discuss any of them.

Your concluding sentence on page 18, paragraph two has good wording. You might consider
using that sentence as a template for similar summary sentences. As a global comment, T suggest
using parallel sentence and paragraph construction when writing about the subbasin streams.

The following three comments are the really substantive issues that I have found with the paper.

1) The Idaho turbidity criterion is incorrectly described in the subbasin assessment. The
instantaneous numeric value is 50 NTU over background. This generally means that during a
suspected violation, the values are measured immediately downstream of the discharge where
complete mixing has occurred and immediately upstream of the discharge. The point of the
exercise is to show that the stream water quality changed as a result of the discharge.

Section 2.3.2.8. on page 20 states that, based on these data, the stream is water quality limited.
Here the subbasin assessment says that anytime turbidity is greater than 50 NTUs we have a
problem (regardless of whether that is a natural condition or not).

‘suggest that these processes have been very active through the Quatemary. We know that

presently the rain-on-snow and mid-to-late winter rain events produce episodic sediment pulses Y~
and we expect these to be associated with TSS far above 1.4 mg/L and turbidity far above 50

NTU. In essence, these water column data support the opposite argument, that the stream is not
water quality limited by sediment. If the subbasin assessment has found that bedload is violating
the sediment criterion, the data supporting that finding needs to be presented and discussed.

Erosion and sedimentation are normal, natural processes. Geomorphic evidence in our region I/(JIAJ"

2) RUSLE has been used here to model sedimentation of graveled roads. My understanding is J"/
that RUSLE was developed and validated on land disturbed by agriculture. Its use may be wJ”,ﬂ*’”m
problematic here for roads because the roads are either hard-packed soil or gravel, instead of

relatively loose, cohesionless soil. One problem with RUSLE that can lead to overestimation of 0-"' oy e
sediment yield is that it has no provision for recognizing on-site sediment storage caused by sy i o4
change in slope, depressions, etc. You could incorporate this as a reason the estimate is



conservative, or try to estimate what proportion SLE-modeled sediment would remain
stored on the site. My quick calculations in th dd and Mica appendix, show the .
modeled rates would entirely remove the ro 12 years. This does not seem reasonable

T
3) The Margin of Safety dJscussxon shou HHFexpanded. As written, it sounds as if the estimate “./f/]‘
was made less conservative, i.e., “subteh #om the estimated background.” Because input J 7
parameters have been selected col§épve i i
does not mclude on-site storage .an, Atk

Additionally, I offer some help wigeologic nomenclature,

Geology means the science or study of the earth (earth science). Geologies is not a word. Thus,
phrasing such as Belt geologies should be corrected thronghout the document.

Lithology refers to the physical character of a rock and may be the word sought in some places
when trying to discuss a rock fabric, but not a particular rock, e.g., ‘This lithology weathers
readily to sand.’

F e m g

Terrane, the area over which a particular rock or group of rocks is prevalent, is the term most de("'f
often needed. Do not confuse this term with terrain, which refers to “the lay of the land.” The -
term is used when talking about granitic terranes or when comparing the erosivity of the .u"w] ,
metasedimentary terrane (Precambrian Belt) with another type.

Note that cobble is not the opposite of the term fine(s). Sediment particle sizes are as follows:

mix

Clay Smaller than 0.0039 M &
Silt 0.0039-0.0625 ) -
Sand 0.0625-2.0 ' P /}
Gravel 2.0-64.0 (2.0 - <4.0 = granules, 4.0 - <64.0 = pebbles) /r"”
Cobble 64.0-256.0

Boulder 256.0 - 4096.0

The term fines is often used to describe sizes from fine sand (0.125 to <0.25 mm) through clay.
The textural term opposite of fine is coarse, as in “The fine fraction (35%) is predominantly
quartz sands while the coarse fraction (65%) consists of a mixture of mostly metamorphic
boulders and cobbles, and gravels of igneous and metamorphic lithology”. I do not know how
the term “stones” crept into the assessment for use as an opposite of fines, but it is not
appropriate either.



United Natural
States Resources
Department of Conservation
Agriculture Service

Caprg~ ="

Coeur d’Alene Field Office
1620B NW Blvd, Ste 101
Coeur d’ Alene, ID 83814
(208) 667-2548 :

November 24, 1999

Goeff Harvey

Idaho DEQ

2110 Ironwood Parkway
Coeur d’Alene, Idaho 83814

Dear Mr. Harvey,

RECEIVED
NOV 3 0 1999

DEQ
CDA Ragional Gffice

Thank you for the opportunity to review and comment on the draft TMDL for Wolf Lodge Creek. I
forwarded the TMDL document to Rob Sampson, NRCS, one of our watershed engineering specialists
in Boise and asked him to provide us with a detailed technical review. His comments are attached.

[ reviewed his comments and fully support his conclusions.

In addition to his comments, I have also included the bank erosion data you requested. Mark Hogen,
Idaho Soil Conservation Commission, collected this data in the field in September 1999, ' Rob
Sampson, NRCS, also field checked Mark’s data and then completed the calculations for lateral
recession and annual bank erosion. The data is summarized in tables labeled “Wolf Lodge Creek
Lateral Recession Rate Estimate “(attached). Please let us know if you have any questions regarding
this data. Please keep in mind that this data is field generated and specific to Wolf Lodge Creek and
may not apply to other creeks in the Coeur d’ Alene Basin or other North Idaho watersheds,

We appreciate the opportunity to be involved in the TMDL process especially where it relates to

agricultural lands.
Sincerely,

(G (F—

David C. Brown
District Conservationist

Attachments
Cc;  Rob Sampson, NRCS (w/o attachments)

Errol Arford, Kootenai-Shoshone SWCD
Tony Bennett, Idaho SCC
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Comments on the draft Wolf Lodge Creek TMDL (no date shown)
R. W. Sampson, 11/17/99

General

The draft Total Maximum Daily Load (TMDL) a.llocanon for sediment in Wolf Lodge
Creek was reviewed. Wolf Lodge Creek is a 62.1 mi? tributary to Coeur d' Alene Lake in
Kootenai County in northern Idaho. The catchment is steep (average slope of 40%
estimated) with a base geology of belt metamorphics. The uplands are forestland used
for timber production and constitute 95.6% of the catchment, while the bottomlands
constitute 4.4 percent. All of the bottomland is privately owned and is divided evenly
between the classifications of 'working ranch' and ‘ranchette’. The forestland is 86%
federally owned and 14% state and privately owned.

Authorities .
Wolf Lodge Creek and its tributaries are listed as impaired by excess sedimentation in the
1998 303(d) list compiled by Idaho Division of Eanvironmental Quality. Text of the :
TMDL indicates there hes been a sub-basin assessment completed on Wolf Lodge Creek.
There is no mention of analytic procedures or data collection methods that were
employed in the assessment. ~ sednaentw Ll d'w"‘“‘é""" e
s.e,c!\‘"’"ﬂ{- medaled ne' medd .
Loading (Section 3.1.3)
This section indicates that the excess sediment in Wolf Lodge Creek is interfering with
the designated beneficial use, cold water biota. The same sentence describes this
impairment as primatily coming from large bedload particles. Text indicates there has
been no quantitative measurements of the impact of excess sediment. The text then lists
four assumptions upon which the TMDL is developed given this lack of any data. The ’,
four premises, paraphrased, are:

1. At background levels of sediment movement and deposition, the stream is fully
supportive of cold water biota.
2. The stream can assimilate and process sediment transport rates higher than ?
background rates. Implicit in this statement is that an achievable steady-state
condition exists, given a certain level of sediment input to the stream system.
3. Once this steady-state condition is reached, cold water biota will reach some 'level
of full support'.
4, In order to link cold water biota populations directly to sediment, confounding
factors such as fishing need to be accounted for.

The background sediment rate for Wolf Lodge Creek is then listed as 15 tons/mile*/year.
A delivery ratio of 20% is assigned and the background loading rate of 183 tons/year for
the catchment is determined. Later, this number is lowed to 165 tons/year to provide for
a factor of safety.

Appropriate Measurement of Full Beneficial Use Support (Section 3.1.5)
The text reiterates that if rates of sediment delivered to the stream are reduced, then cold
water biota will flourish. The yardstick for this level of sediment delivery is:

R. W. Sampson Page 1 of 7
Comments on Woif Lodge Creek Draft TMDL
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Three of more age classes of trout with ore young of 1.’ne year

Trout density reference levels of 0.1 to 0.3 fish / yard? / hour of effort.
Presence of sculpins and tailed frogs

Macroinvertebrate biotic index score of 3.5 or greater

AW

. RE
The text then indicates that when these goals are obtained, the sediment loads will be ‘}L o i

revised. It is implied the sediment loads will be revised to whatever the (unmeasured) <~ 7y« &
sediment levels are during the time when satisfactory measurements of the biotic
indicators are made.

Sediment Load Allocation (Section 3.1.6)

Sediment is estimated to originate 75% (95.6% of the area) from the forest land use and
25% from the agricultural land use (4.4% of the area). Thus the 165 tons/year of
sediment are proportioned between the land uses, and in the case of the forestland, further
propartioned on the basis of area to the different landowners.

Similarly, the current sediment delivery amount of 1524 tons/year (25 tons/mile’/year)
(section 3.1.7.1) is assigned 75% to the forestland and 25% to the agricultural land. The
difference between the current sediment delivery amount and the background sediment
delivery amount is the reduction goal.

Agricultaral Lands (section 3.1.7.3)

A separate section in the text is devoted to agricultural lands and concludes that the major
sediment source around these lands is from stream bank erosion. This erosion is ascribed
to riparian vegetation loss and channelization of the stream.

Monitoring Provisions (section 3.1.8)

Monitoring is stratified by Rosgen stream type and indicates that 5% of the channels will
be measured every 5 years. Monitoring, the text states will measure the stream for 20
times the bankfull width along the channel. Measurements will be made to detect
changes in the biotic indicators discussed in section 3.1.5. The text indicates that similar
measurements will be made in 'reference reaches' in which target levels of cold water
biota.

Feedback Provisions (section 3.1.9)

This section states that once the biotic indicator levels are met, no further sediment
reduction activities will be required. It is reiterated that once these levels of full biotic
support are met, the TMDL will be revised with whatever the ambient sediment levels
are.

/

Comments

1. Aguatic ecosystems and their relationship to sediment as a stressor

Biotic indicators, particularly fish age classes and macroinvertebrate species distribution
and density, have very high spatial and temporal variability. Coefficients of variability of
200 to 400% over time are common (Konditriav, 1992). Similarly, spatial variations are

R. W, Sampson Page 2 of 7
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common and large between habitat units and physical stream types (i.e., Dunham et. al,

1997) Because of this vanablhty, statistical reliability of the monitoring plan indicated

in sections 3.1.8 and 3.1.9 is in question. Measurement of items that have high variability /M
requires high sample size, or sophisticated techniques to detect change with any certainty. rﬂ‘/

To this end, process coefficients of variability should be estimated and published, and the ~

sampling frequency calculated from these. Similarly, the sampling density in space is not

clear, but seems lacking. The use of Rosgen stream types to stratify sampling is useless,

particularly with the ‘catch-all' category B (e. g., Miller and Ritter, 1995). There is no

inherent predictability of stream behaviour among Rosgen-type stream classes (e. g.,

Meyers and Swanson, 1992; Sampson, 1996).

In addition, the direct linkage of the lack or abundance of sediment to the lack or
abundance of fish or macroinvertebrates is absent in the literature. Quite the opposite,
response to a stressor is seldom linear or singular (National Research Council, 1997;
Peterson et. al., 1992; Wooten 1990). k L
S
Similarly, the use of reference reaches to determine salmonid densities is of questionable ~ C° uﬂw
value. Salmonid abundance in Northwest mountain streams is primarily a function of 7 ¥
physical stream attributes (Scrivener and Brownlee, 1989; Peterson et. al,, 1992). Stream > ¥ d
physical attributes in turn are a function of base landscape formative processes and past
disturbance regimes. In other words, streams tend to be self~organizing entities around
their own history (i.e., Stolum, 1996), Without calibration of population dynamics P
between two streams, particularly age and species distribution, no analysis can be made 0,/‘ i e
that a 'reference reach' will indicate how many fish should be present in another stream. . A"
The exception to this statement could be if some analysis of principle components or
variance has shown the average population distribution that occurs in some physical
stream type. This analysis would only be valid with an accompanying summary of errors
used in the measurements and the analysis.

& P o

Given that biotic populations are hard to measure with certainty, that there is no one-to-
one negative correlation of sediment with fish abundance or distribution, and that the use

of reference reach information to select thresholds is questionable, the basic premise of . /,/f [
the sediment TMDL as a direct link to fish populations scems weak. These poor ’ P j
assumptions could be buttressed to some extent by simply measuring grain-size Ve /‘/L ”y;,‘
distribution of the existing stream sediments, and intergravel dissolved oxygen levelsasa 22 1z .

percent of free water dissolved oxygen levels. These measurements could also be ’,;‘U N

completed on 'reference reach’ streams of similar slope and catchment size. Comparisons /,é" &
of this information would provide a more defensible basis for grouping sireams or using
the biotic attributes of one stream to predict what should occur in another.

. J”
2. Background erosion rates and sediment delivery amounts «- “?vb":
The background sediment delivery amount of 15 tons/mile 2/year is unprecedented in the ggﬁ}
literature. Most other published values are one to almost two orders of magnitude higher YV¢
than this rate {e.g., Langbein and Schumm, 1958, 360 tons/mile*/year; Fournier, 1960,
580 tons/mile’/year; Walling and Kleo, 1979, 300 tons/mile*/year; Dunne, 1979, 120 to
300 tons/mile?/year). All of the preceding references were calculated at an average

R. W. Sampson Page 3 of 7
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annual precipitation of 28 to 32 inches per year. A table from multiple Sources in Dunne
and Leopold (1979), specifically for catchments smaller than 100 miles?, shown no data
indicating sediment yields below 50 tons per square mile, and very little below 100. The
Kootenai River at Copeland averages 60 tons/mile?/year (USGS) and this much larger
basin undoubtedly has a lower unit delivery rate than a smaller one. Examining Table B-
5 in Bunte and MacDonald (1999) does not indicate an average erosion rate under about
50 tons/mile?/year for areas dominated by rain and rain-on-snow runoff processes.

Numbers similar to 15 tons/mile?/year appear quite frequently as a base erosion rate in
US Forest Service literature. This value was used as a base erosion rate in the WRENNS

originated from a rate of 25 tons/mile“/year derived from a series of two studies by Walt

(USFS, 1980) document, and similarlgr transferred to the R1/R4 model (USFS, 1981). It M

Megzhan and is then modified for basic geology and these were derived from a single fy go?
publication. Reading the R1/R4 publication carefully, there are adequate warnings about -4 //

-

how the data ranges well above 100 tons/mile? /yea.r, and that site-specific information
should be used when possible. Although this warning is present, numbers between 10
and 25 tons/mile’/year are often seen as base erosion rates in Forest Service documents,
but values this small are seldom seen in other studies. Recently in a much more
weathered landscape than north Idaho, measurements of only suspended sediment ran

between 40 and 100 tons/mile¥/year (Scrivener and Brownlee, 1989). Including o017

dissolved and bedload in this measurement would bave increased it greatly. The
landscape forming, long-term scdunent delivery rate from Wolf Lodge Creek probably
lies between 60 and 100 tons/mile*/year, with an annual coefficient of variability of about
100% (e.g., Bunte and MacDonald, 1999).

It would seem unreasonable to attempt to achieve a numerical standard of sediment Auf ”j

delivery that was 3 to 6 times lower than landscape forming rate. Similarly, the estimated p/‘-‘-

current sediment delivery rate of 24 tons/mile*/year is not only well within (and below) ff' o a»e.f

the expected landscape forming sediment delivery rates, but given the process coefficient
of variability of about 100%, it is indistinguishable from background rates on an annual
basis.

3. Roads and road erosion

Literature of forest erosion rates is clear on one thing: roads are the largest and most
detrimental sediment source in forested lands. Although many different erosion rates
have been measured, most of the values converge around 2 pounds per square foot of
active road surface per year (for a review see Sampson, Anderson and MacDonald,
1999). As scale increases, the apparent erosion rate decreases. Typically, an increase
attributed to roads of about 0.4 pounds of sediment delivered per square foot of road is
measured at the sub-basin scale. In this instance sub-basins are up to 3 square miles.
Given the sediment allocation of 874 tons of sediment in the forest iands, and knowing
roads are a primary source of sediment, back-calculations indicate 69 miles of eroding
road surface on the forest. This is reasonable, given the catchment size.

Road erosion associated with real estate developments on the private ground could be a M(
significant source of fine sediment.

4
R. W. Sampson Page 4 of 7
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4. Sediment sources from agricultural lands :
Section 3.1.7.3 indicates that streambank erosion is the primary sediment source from -
agricultural lands, and suggests a reduction 340 tons per year from these lands. Given the
indicated stream footage of 53,000 feet, and making the conservative assumption that half
of the stream length is actively eroding, there is an apparent excess streambank erosion
amount of 0.012 tons per foot of stream bank. Assuming a 2-foot average bank and an
in-place density of 100 pounds per cubic foot, this is a lateral recession rate of over 0.13
feet per year. This is a very high rate, particularly for a temperate climate.

A stratified, random-designed sampling pattern measured lateral recession rates on o
almost 10% of the alluvial portion of Wolf Lodge Creek. Applying the rates to the five ¢ e
recognized stream segments indicated a sediment yield from bank erosion of g.:«g_,.- :
approximately 30 tons per year along the alluvial section of Wolf Lodge Creek /'f
(coincidentally, the privately owned section). This measurement has an error of

approximately +/- 40% (one standard deviation, log distributed) and has an annual

process coefficient of variability of about 100%.

5. Bedload as a pollutant [
Although every form of erosion and subsequent sedimentation discussed in the TMDL A

text is for fine sediment, a single sentence in the text under section 3.1.3 indicates that Pf
large bedload particles are the primary interference with cold water biota. Asstated, this ;¢ -
is unsupported. Similarly, there is nothing in the literature that indicates bedload is a — > ."+{

pollutant for aquatic ecosystems. Conversely, streams which have frequent gravel
replacement are often favorite spawning areas (Wooten, 1989), and have typically high
intergravel dissolved oxygen.

Streams adjust due to changes either in sediment input, water input, or boundary
conditions. Although al] of these disturbance mechanisms have a certain time frame for
impact, most cf the adjustment is complete in one to two, or possibly three disturbance
cycles. For a stream that is most often a flood. Flooding has occurred in north Idaho in
1996 and 1997, 1980 and 1974. If the stream is in the process of assuming a new form
due to a change, impacts may appear to be a result of direct streamside management, thcy
often are a lagged response from upstream events.

Gravel moves fairly slowly through rough, mountainous streams (e.g., Bunte and
MacDonald, 1999, page 297). Average travel distances of 350 feet per year (60 to 1000
feet) is suggested. This indicates that a disturbance such as a landslide occurring 6 miles
above the agricultural ground may not cause a gravel-related impact in the valley for 90
years. There is undoubtedly attenuation in the disturbance magnitude, but the example
shows how difficult it is to determine when the impacts of upstream disturbances will be
realized.

A recent field visit to Wolf Lodge Creek, including several thousand feet of stream
examined, did not show any signs of unprecedented bedioad movement. Conversely, the

et 2 L 2
g—tb.;‘\.t.i.‘\! ‘:‘_. o
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channel form and function seemed well within the norm with respect to particle sorting,
bedforms, and local areas of deposition and scour.

Summary and Conclusions

Without measurements, numerical standards are impossible to achieve. If the standards

are result oriented, there must be a minimum of confounding factors, or we might spend a

lot of time and money trying to solve the wrong problem. Somechow, actual /Ip
measurement, of suspended sediment at the least must be made. Locally used index /
procedures such as a Cumulative Watershed Effects Assessment (CWE, e.g., Washington

Forest Practices Board, 1995) or the BURP procedure (IDEQ, Protocol 8, 1992) indicate

where there may be problems, but they tend to lack resolution in determuung actual
physical process rates.

e Measurements of aquatic populations vary greatly from year to year and place to
place. If aquatic populations are the yardstick by which success in pollution control
will be judged, several things in this draft TMDL need to change. e w@
Sampling programs must be statistically defensible. Process variability andall * ‘wf"
relevant assumptions need to be well documented. Currently, this is not the case.

If 'reference reaches' in another stream system are needed to bolster the data set,
enough years of calibration need to be available to prove that populations respond
similarly in the drainages under consideration. These data need to be made
available, or the sampling strategy should not be accepted.

A direct link between sediment movement and aquatic populations needs to be
established. A surrogate, such as intergravel dissolved oxygen may be useful.

¢ Background, landscape forming sediment delivery rates need to be consistent with the G)J/(FF
accepted literature. The landscape-fonmng rate on Wolf Lodge Creek is most likely
between 60 and 100 tons/mile¥/year.

e Similarly, erosion rates and sediment delivery volumes from roads need to be
realistic, This does not appear to be a problem in the current load reduction
recommended for Wolf Lodge Creek, although the reduction amount was derived
from very low background erosion rates.

o Measurements indicate that streambank erosion on Wolf Lodge Creek is a minimal
source of sediment. Local erosion around bridge abutments or gravel mining
operations may be high, but erosion from normal fluvial processes is low. This low
value is not unexpected given temperate climate, low channel slopes, and relatively
unobtrusive land uses in Wolf Lodge Creek.

(8
o The size of sediment that is of concern needs to be clarified. Similarly, if aquatic &'Q p!
populations are being harmed by gravel transport, some reference to research or other ¢
findings is appropriate. If gravel iniroduced to the stream from the uplands is

R. W. Sampson Page 6 of 7
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assumed to be a problem in the lowlands, the inherent travel time needs to be

recognized. A field reconnaissance did not indicate any abnormalities in gravel i

transport rates.
i
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Wolf Lodge Creek
Lateral Recession Rate Estimate

Data Collected $/16/99. Double checked 10/7/99

Assumed Sediment Density = 1.5 95  pounds/fi’
Segment  Sample  Scorc  LRR  Average Bank Tength  Eroding  Percent  Channel Forming  Bed Particle Aversge  Reach
Height Examined Length  Eroding Width Size Recession  Average
Riyear feet feet foet feet inches A1 °af
1 None 0.000  0.000
2 1 3.5 0.04 2 500 125 25% 25 1 0020 0020
3 1 4 0.05 18 600 158 26% 30 25 0.024
3 2 4 0.05 1.8 800 130 23% 40 1.5 0.020
3 3 4 0.05 2.7 800 270 34% 4 25 0046 0030
4 i 4 0.05 2.5 500 24} 48% 34 3.5 0.060
4 2 35 0.04 23 600 202 34% 32 3.5 0.031 0.046
5 1 3 0.03 1.5 280 57 20% 14 5 0.009
5 2 45 0.06 1.5 800 - 300 8% 40 3 0.034
5 3 3 0.03 1.6 500 80 16% 25 3 0008 0017
2.0 5380 1613 30%
Segment Length  Slope  LRR Erosion Erosion  Erosion
iy, ff pounds tons
] 3400 0.0018  0.000 0 0 0
2 3600 0002  0.020 72 6840 3
3 8800 00034 0030 263 24944 127
4 4400 0011 0046 201 19066 10
5 9400 00075 0017 159 15059 8
Total 34600 33
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Average Reach Lateral Recession

Rate, ft'/if

Wolf Lodge Creek

below confluence of Stella and Wolf Lodge Cr. to the mouth

0.050 -

0.045
0.040
0.035

0.030 -

0.025
0.020
0.015
0.010
0.005
0.000
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0.002 0.004 0.006 0.008 0.01
Average Reach Slope, ft/ft

0.012
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RECEIVED

DEC 15 1999

IDHW-DEQ
Cosur d’Alene Fialg Office

Kootenai Environmental Alliance

P.O. Box 1598 Coeur d’'Alene, ID 83816-15%8

Geoff Harvey Dec. 14, 1999
idaho Department of Environmental Quality

2110 Ironwood Parkway

Coeur d'Alene, ID 83814

vear Mr. Harvey:

The following comments concern the DRAFT Coeur d'Alene Lake Sub-
basin Assessment and TMDLs. There are alsc comments directed
specifically for tae Wolf Lodge Creek area and proposed TMDL,

A. The cnaracterlzation of past logging on the Coeur d'Alene
National Forest, page 5 under 2.1.2 Cuitural Impacts, does not
convey the actual amount of past logging on the Forest and should
pe rewritten in the DEQ Final Report.

The sentence states "Timber management has been moderately e
intense with large clear-cut areas and dense forest road 0
development."” )

The Attachments with Forest Service data will show that the
logging in the Forest should nave been described as very
intensive and concentrated to a large degree in a number orf
watersheds and drainages on the Forest., An analysis of the past
logging will show that the logging did not take place uniformiy .
over the entire Forest.:

Attachment #1 indicates that Forest Service timber saliszs have

ciearcut over 36,000 acres on the Forest since 1965. This amounts

to over 88 sguare miles of cliearcuts.

Between the years 1980 aand 1998, there nhas been over 28,000¢

acres, or over 44 square miles, clearcut on the Forest due to

timper sales. .
Additionally, there has been over 75,000 acres of generation
iogging that has taken place on the Forest since 1%63. This
amounts to over 117 square miles.

re
98

N
\
Attachment #2 lists the amount of regeneration and clearcut é?c
logging that has taken place in Compartments that inciude the

Filat Creek, Yelliowdog, Steamboat and Cougar Creek areas on the

Coeur d'Alene NF.

An examination of the past Forest Service timber sales by
Compartment will indicate the amount of acres iogged in every
Comparctment on the Forest. A Compartment map for the Forest will

1

o



show the Compartments that have had the most intensive logging,
and the areas where the logging has been less intensive.

The DEQ Final Report should provide an analysis of the logging
that has taken place in the Compartments that are part of and
adjacent tg, the Wolf Lodge Ck area. These are Compartments 367,
383, 36%, 370, and 371. The anaiysis should include the figures
for past regeneration and clearcut logging. The cumuiative
impacts, and direct and indirect effects to the watershed and
drainages in tae WolkE Lodge Ck area of the canopy openings from
the logging snould azso pe analyzed in the DEQ Finai Reporcz.

Also, in Appendiz A cf tne Forest Service's Horizon Resource
Area, Final EIS. Table A-1 lists the acres of past logging within
the Wolf{ Lodge Creek Analysis Area, and Table A-1 is enclosed as
Attachment #3.

he DEC Final Report should aisec indicate that approximately

307 acres of logging associated with the Horizon Sun timber

sale, inciluding 443 acres of clearcuts, are within the Wolf Lodge

l‘.l L |

ge 32, ﬂoliutant Scurces

5 the fol 10W1ny sencence "Excess sedimentation most often
it3 crigins in rcads developed for logylng or acces=s to a
watersned and bank erosion associrat2d wita grazing."
We guestion as to wny th=re is nc menticn oFf, and discussion ot
tne reiease of sediment ana larger macterial from hillsiopes that
nas taken place and continues from past logging.
There 15 no mention on pages § cr 15, of the findings in the
Geomax Summary Report of Wolf Lodge Creek Stream Stabilicy
Aralysis, June 21, 1988. The Summary Report was prepared for ths
Idaho Fish and Game by Dr. Deonald Reichmuth and Mr. Dennis
Fincdorii.

Pages 3 and 4 of the Geomax Report statad “"The excessive sediment
bed‘oad carriec by Maria Cresk is not the result of natural
sediment sources or in-stream racruitment of gravel resulting
from deveiopmental impact within the studied reach. Logging
practices in the upper reaches of Marie Creekx and its tributaries
nave ieft much of the upper watershed treeless. Figure 1 shows
the reiationship between forest cover and water viald and runoff,
Precipitation falling on cleared mountain slopes causes immediate
erasion during heavy rainfail and further erosion during =spring
snowmelt. This eroded material is carried into Marie Creek and
substantially increases its volume of transported sediment.”
Also, from page 4 "The shorter runoff period for precipitation
raliing on barreq s3lopes can create flash f£lood condicions in
streams [ed by the runcif. Shorter runof? periods proauce higner
peax runoif veoiumes which are detrimental to stream channeis.
These high volume fiows travel at relatively high velocity within
the channel! and, therefore., possess the kinetic energy which
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causes excessive erosion. The effects of ciear cutting practices
on the bedload condition of streams is twofold: 1) The bedload is
increased from ercded material from barren slopes carried by
runoZZ, and 2) The beadiocad is increased from eroded bank and
channe! material caused by increased peak runcf?f volumes." The
DEQ Final Report should include the statements and analysis
zontained in the Ge2omax Report.

There 13 aizo lenginy CSS/EFA anaiysis of the effects of iogging
r2iazed to forestry activities, including sediment production. I
nave enclosed these comments as Attachment #4. A few porticas of
the CS5S/EFA analysis is contained in part 7 of our commencs.

Fage 11 discusses high temperatures in the River in reiation to
£ish popuiation. Despite the high temperaturess, ic is stated
thaz trout and saimon ars easily observed along the upper reacn
¢z the River. Is there data as to how many fish "were easily
observed” in that saction of the River? Was the fish count norma:l
Zor that area, below average or anove average? Alsa, have there
b2an any concerns expressed by professional Fishesries Biologists
regarding the n*gn temperatures in the River? The DE9D Tinal
Feport shouid address these issues.

2. FTage 20, RiItle Armor Stainiliiy

It 13 stated that "data ¢Ii this type has not been ccliectad fo-
any of the water guality .imited segmen:ts of =2e zuo sas-n.”

I nava encicsed a ¢opy 0of Forest Sarvice RSI data that was
inciuded in the 1992 Fernan Ranger Distriect Skcokum EA, as
attachment #5. The RST data concerns the Littlis North Fork of the
Joeur d'Alens River aznd gives an indicz+tion of the Dedlcad A
movament problems throughsuz tha River System. The 4,000 acr=
3xcokum Resource Ar=2a is just north of the Woll Lodga <X anziysis
ar2a, Thz Skookum E& 1ists tn2 RS3I values, up to $5, for thne
wata2rsned, pages 28 and 2% i <hapter [II. The DEQ Final Hegor:
3a5UL2 ansiyze the X3I data for tha SKookum ResScurca Area as -t
rertzains to the Wolfi Lodge Ck area.

3. Paga 20. Residual Pool Voiume

The Forast Service's Horizon Ressource Area Final ZIs kas 3ata in
shapter 2, pages 46, and 49 thru 57 regarding Welf Lodge Creak,
Marie Creek, and contains a discussion of susuerd d sedimentc
precuction and sadiment yvizld and water quality iszsues assaciated
with the area. Chavtar 3, pacgss 15 thru 22 have additicnal daza
ragarding water cualitv and sadiment yield.

Tne cata in h“ese Chapters snould be analyzed in the 2EQ Final
Report regarding the discussion of Residual Pocl Volum2 on pages
22 and 21 for WolI Lodge Craek.

rage 22, Fish Population Dat _
nav2 2nclosed a copy of pages 51, 32, and 33 wi:zh Figures i

(R L]
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thru 10 of 2 1993 Forest Service Monitoring Project Summary that
is found in the Panhandle Basin Status Report of 1994, section 7.
This report is Attachment #¢.

The report was written by the IBNF Forest Fisheries Program
Manager. The data and findings in the Monitoring Summary shouid
ba inciuded in and analyzed in the DEQ Final Report.

The findings on page 52 stated "Timber harvest and asscciated
road construction appear to be the dominate land disturbing

e

Y

activities to which the observed shifts of habitat types and loss V'&

¢f poci voliume and depth can be attributed. The results of thes= /J
data suggest that watershed restoration activities may have to

taka priority over harvest activities in watersheds where channel \4
stabilicty is the over-riding consideration relative to restering Y
th2 ohysical and biological integrity of the aquatic ecosystem

and that changes in harvest rtechniques and road density and

iocation may be need{ed} o be incorporated into all! future sales

to maintain or improve channel stability and f£ish nabirtat.

¥. Pagz 24, Forest land sediment vield and export gg }5 ’

It iz stated that the WATSED meodel was used fo calculats tihe fﬁ@ &

sadiment vield. Fage 28 also states :tnat the WATSED modal wa:z ca9~ ,&

ised Zovr Sedimentation Zstimates. J A

Ther2 ars 2 number oI signilicant flaws in tns modei that are nc: T

mgatiosn2a on =itiisr page or in Appendix E£. The fiaws ars 23 §¢

foiiows. \ by
LR

{1}7 The model dies not account for major storm events such as :¢9' Vi

rz2in on snow events anz do2s not calculate tha sediment and o Ny

larger material that is released from these events. v N N

{2i: The model does net have the capability to calculate sediment 4

cr watsr vields for the hillsliope length of individual zogc_n '

uaits. This is critical due to the number of and si1ze of giearcu:z b> i

upits that sre prasent on steep slopes in heavily logged 2 ¢

waztarsheds on the Forest, i !

i3i: Thae model deoss not account for the delivery of coarse o’ »

matariai{larger than sand size} to stream channels and thus

graztly undar -st;ra es- the volumes oI matzrial that may actually

b2 geliveres to stream channeis, (Prichard Creek FEIS, Walliaca

Ranger Districk, Aprlx 1994, page 27 of Chapter III.)

Duz To the flaws in the model, it is highly ques:iionable as to .

whether the data given on page 25 and 29 is accurace. The LEQ

Final Report needs to acddress the issue of how much materiai: is

astually deing resieased from the hillsiocpes in the watersheds on

the Fores: that have besn heavily logged and clearcut.

Appendizx 3 glse do2s not address the flaws of the WATSED modesl.

There 13 no c¢iscussion or explanation in the Draft Repcrt as to

wity thare are 30 many damaged watersheds on the Forest in spite

¢I the WATSED model being used. This model and the model that

4
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came before it,

WATBAL, are supposed to be state of the art.

WATBAL has been in existence for over 20 years and WATSED for

aver 10 years.

Regarding sediment routing and thas WATBAL model, page 13 of the
1989 Tarchnical User Guide states "I:f is recognlzed that this lack
0% accurate stream routing and insufficient recognicion of strsam
dynamics is the weakest and as a critical element must b2 given
=5z pricrity in future developments.”

Soncerning WATSED, KEA's copy of Version II of the document that
dagsuerises the worikings of the meodel is 109 payges long, :c‘Jd:rg-

tne Appendix. Cn piage

Stocage it i5 statad "WATSED adapts Roehl (1962 channel sediment
retting raties.”" Since there is no discussion on page 11 as to
now rain on sacw =2vents affect the channel sediment routing
racice, and itc'3 inability to model hillslope lengths, it is
zuestionadle a5 %o th2 accuracy of numbers given by ths model in
appendiz 3 as th=y relat? to th= National Forest lands.

2130, on paga 3 of Appendix B there ar2 the following sentences
“"mha model does not consider sediment routing. The model daes net
attempt to estimate the arosiom to sirszam beds and hanks
rasulting from localized sediment deposition iz Th: stream b=l "
"hesa two sencancas diresctly contradict the statement n aFE o1
¢f The WATEZID document ooncarning Foutliag and STorags.

alsc, under Mccal Irperacion zn sage 3 of App=ndix Z, 1T Lo sztatag
"7hae mods. i3 3 simpie Excel spreadszhneszt modsl composed o Iour
spreadsnszets.” This impiies that the WATESED model runs oo a ¢
ans does nct invoiva many iines of code. XEZA has informatison Taal
eha WATIAL mod=2l has 3,305 liaes of code and the model runs 2a 3
ISM RS workstation and not on a Fo.

Tne CIZ7 Tinal DJocumen: should indicate how many lines oI cocds 22
in the WATSED model that runz on a PC and whaz zrs the hardwars
raguiramenzs o run the modal on a PC. The Zate ¢l the latest
upgrades to the soZtware. including the various datasats that zrs
zzed i= thz modal that runs on 2 PC alse neads to ze dizcloszed in
the DE¢ Finai Reporz.

In 3ppendix ¢ are Zediment Model Data Spreadsheets.

*h2 cdata supplied under Landuss, page 1, given for tha Woll Lodgs
~-azk 3ediment Budgsz., Woli Lodge Watershed Uss, Joes not agres
with the datz XEX has Lor hhnsa wat2rshads.

Thara i3z a fiogure given of 2 ifotal of 147.3 acres of unstockad
foress azres for Cadar Cx, Maris Tk, and Woeli Lodge Ck.

The Horizon Sun timter sale slearcut aprroximately 443 acrss,
these are unstocked agsres and the sale is jusi new being
ccmpletad. ‘

2lzc, regar-ding the Marie Ck and Wolf Lodge CX arsa, the Horzzon
F2:35 Table A-. that i3 mentioned earlier indicated that thers

i
-

of th2 document:,

under Routing andé
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approximately 1,224 acres of past clearcuts from Forest Service
timber sales. Since a majority of these clearcut acres have not
recovered hydrologically, these acres should also be considered
az being unstocked. The approximately 1,564 acres that have also-
been logged by the Horizon Sun timber sale contain a significant
number of forest acres that are unstocked.

The wide disparitvy as to what is the true number of acres that
are unstocked at £his time in the Wolf Lodge Watershed needs to
be addreszad in the DEQ Final Document.

Data should aiso be supplied that will indicaie the number of
acres =—rzat have been clearsut 1n and adjacent to the Cedar Ck
drainags from Forest Service timber sales.

Appendixz < Sed ¥ield, page 1, Wolf Lodge Creek Sediment Yield
and Export Budget from Land Use Types.

A figure oF 4 tons is given for Unstocked Tores:is in the three
wata2rshed ou2 to the flaws in the WATSED mode. mentioned above,
and che questions surrcounding the true aumber ¢f unstocksd acres
in these watersheds. the figure 0f 4 tons is noi credible.

Appendiz ¢ 3Sed Total, page 1. Wolf Lodge Watershed Sediment
Exporct.

The Zigurz of 225.2 tons/yr Zor Land Use fines export alsc is not
credibi= due to th2 Zlaws in the WATSED model! and the guestions
regarding the actual number ol unstociked acres in the thres
watersheds

F. Page 2. Contrcl Efforts Lo Date

Wa 4o nct agree with the concliusion that pulling a few culverts
and closing anc/cr removing some roads on the Foresi will solve
=he water quality/water quantity/sediment/bedlcad problems in ths
Woli Lodoce reek wat2rshed.

Tne ITE3/ZFR deocument meantignesd earlier has a2 extensive discussion
0f tz2 Zzciors that cause waier quality, water guantity, sediment
and peax fiow probiems in forests of the Northwes:.

Tha document i3 titled Monitcring Guidelines te Zvaluate Zffacts
of Foresgtry Activities in the FPacifico Forthwest_and Alaska,
ZFA/S10-5-31-001, May 1331l. Zart II of the document is titled
"Review of Monitoring Parameters”.

I have 2xcerpitad 2 few cof the discussions that ars reslevan: ts

the iszsues of logging and sediment produciion, paak flows, and
bedliocad problems. The Attachment #4 with Chapters 3, 4, and 3 of
the {55/EP3A dozument contain & extended disgusszion of thesa

issues with ralavant comments highlighted.

From Chapter 3, Changa2s in Flow, on page 92 it is stated "Changsas
in zhe 3ize Of peak flows can have important impiications for the
stability of tha siream channel, size and guantity of the bhed
matarial, and sediment transport rates.”

Cn page 93 of Chapter 1II, it is ziso stated "Peak flows have

Wt 4T
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important effects on stream channel morphology and bed material
particle size (Chapter 5). Specifically, since higher flows move
iarger particles, peax flows determine the stable particie size
in the bed material (Granc, 1987). Largs, stable particies
provide important habitat niches for invertebrates and small
£ish. A highly unstablizs bed will reduce periphvton and
invertebrate production {(Hynes, 1970}. The size of peak flows
2isc is important in determining the stability of large woody
deiris aad the rate of bank erosicen.”™ Also, "The vast majority of
the sediment transport occurs during peak flows. as sediment
transport capacity increases logarithmically with discharge
(Rittar)."

Under a section titled Response to Management Activities on page
23, there are the following scatements "Forest management
ictlvities can increase the size of peak flows by a variety of
mecnanisme. and thes2 include the following: .... 3. reducad rai=
and snow intsrception due to removal o ae Zorest canopy: 4.
Righer s0il molsturs levals due to the :

t

reduccion of
avipoiranspiration; 5. ilncreased rate of snowmel=: znd 5. any
¢rnang2 in the timing o Ilows that results in a syanchronization
o7 previously unsynchronized flows.™ And, "The affeccs of farass:
management activities on the size of peak flows have beern studisd
i a number ui paired watershed experiments in the Pacifie
Herthwest and elsewhere(=2.g., Zarr, 19533: Boseh an Hawla=f, .
22325, In most caczes Iorszt harvest has been found to increase
T2z magnitude of peai Zlo%ws. and this have been a-tribures to
szl Zisztdrbance reducing infilirzticn and subsurface sStormilow
Tlheny et 21, 1973), changez in short-term 3snow acoumu.arion and
m2.t {Zarr and Mclorison. 19795, and soil compaction LEarr at
al., 1g§72)."
F. Tage 33, TFellution Control Sirategizs
& piannecd systam ol pcllution credits for mors logginz in
Jatarzheds on the Forest in cenjuncotion with g Wolf Locdge lreek
TM2. -5 unaccegptatle.
Mor2 ilogging with more canopy odpening= will not soive any c¢i ihe
Prodiems associlated witl the increased peak [lows and associates
sedioad qmovament ia Wolf Lodge <reek and other watersheds gn Zhn
Foresi. As i3 pointed cut in the Skookum EA, page 28 of Chaprer
III "Zxzecesz bedlcad movement is beliaved to be che major limzzing
factor in fish habitat on the Faranan Ranger Cistrict.” And "Ths
sedicad fills pools, reducing both pool Eregquency and volume
'Cross,. pers. comm and memes.:. Thae 1533 oa2llis Stewart E3,
Farnan Ranger District. slso stated on page 25 of Chapter III
"Increased peak flows accompanying cansyy removal have
lesgtabilizad zhaanels and dizlczdged z2dinent sztered beniag large
woody debris.™
The Iollowing information is taken from Sept. 1994 Coeur d'Alens
River Cooperative River Basin Study, written by the USCaA, the
SCE. the Forest Services and the XKootenai-Shoshone Soil
Coanservation District.



On page 46 under Forest Erosion it is stated "It is difficult to _
identify which activity is most responsible for erosion and b
sedimentation problems at the basin level. Logging-related
activities (forest canopy removal and roading) are likely a o
primary cause of erosicn and sedimentation in the areas of the ;
basin where these activities occur {primarily the Upper River). :
Logging related activities may also contribute to increased
cua“"el erosion and sedimenta:iion in downstream areas due to
hydrologic changes in the basin. It is easier to identify the
~auses at a smalier subbasin or tributary level. In tributaries
such as Cougar, aceamboat. Yellowdog, Eig Elk, and Teepes2, it is
zasier to isolate logging as a primary caus2 of erczicn and
sadimentation.”™ And "Logging-related activities past and present
may b= responsib‘e for at least half the erosion and
s22imentation problems in the Coeur d'Alene River Easin."” »

New logzing with more canogy openings in the Forest wi
£y add to the current bedlcad probliem tnrougnouu the 7
is pointed oui cn pages . and 63 of the River Basin S
openings created in the forest canopy allow gre=ater snow
accumuiation, less interception and evaportranspiration,
infilsration, and ultimately mcre water available fcr ru
Whan larga ope1‘ngs ar= created tnr oughouf a drainage,
increased runoff 2guates to graater masin-wide warer yi
Team energv Mucn of tnls originates azt gp.and s
stream r2acies. In a.iuvial channels, i
dation of the nearty stiream channeis and 4
aed material deownstr2am. When such imbal e
v years, th2 long-ierm averaga conciti
zem rasides in diseguiliibrium uncil
condition is sstablished along witl
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ing with more canopy openings will not also address the
' on snow avents in the areas that have already w*#
&
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2¢,. ané which will not rescover hydrelogicall;
2rs or longer. The following statement is a"o
tewart ZA. Regarding the rain on znow mecal
low fer recovery ¢f rain-on-snow until 40 ye
#hich point the stand is considered equiva
¢ until 58 years. Tha rain-on-saow recove
premised on chservations tnat existing clearcuts 4 years or-
clder do not seem to pe accumulating and retaining snow as much
‘as do che younger cleaxcuts {A. Legsdon and 5. xuss_i;; Jaaho e
Fanhandles National Forssts, pers. comm.; a5 well as information
from tachnical literature, i.e. Harr and Coffin, 1891:.%
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mha TMZL describad on page 33 0f the Draft that prometes pulling
same zulverts with road impraovements and road cbhliterations does
no- address the full range of water related problems in the Woll
Lodge Ck aresa. These roblems in the Wold Lodge <k ar=2z z2ncé zlseo
on the Forest inciude hydroi ogy and bedload movement problems.
tha continued destruction 9% important fisharies habitat, and

LR



flooding in the Basin. These problems are completely ignored with
a TMCL aimed exclusively at roads.

The Clean Water Act's {CWA) goal is to restore and maintain the
chemical, physical. and biological integrity of the Nation's.
#aters. An interim goal of the Act is the protection and
propagation of £ish, shelifish, and wildlife. The requirements cf
the CWA for protectiion and propagation of fish wiil not be met
wish a roads TMDL.

Tie DET Fiaal Repori also needs to state how the proposed road
TMDL will meet the forthcoming EPA regulations regarding
sijvicultural activities as being considersd point-sources of
rallution.

d. Section 3.7 Drafi TMDLs and 3.1 Draf: Woll? Lodge Jreex
Waitarshad TMDOL,

“e do not agree with the first 3 premises on page 2 under Loading
Zapacity., due to ths following Forest Service information.

The Forest 3Service’s Horizon Final EIS, on page 22 of Chapter III
szated "Fish popuiations and production are believed to have
decline markedly over the past 10 to 15 years in north Idaho.
including populations in Wolf Lodge Creek." Fage z4 o Chapts.
III statad "Strezam hablitat conditions vary throughoui tae
wztershed, bul t2ad to rangs Irom pecr to falr wiik aniy
Jewazional rzacisz oI good or sxcailsant habitaz.” Faze 41 of
whapies IV als: stated "Bedload preoducctlion, danssisia aad
mevament 1E 2zlieved o be a kay factor in current asd Sucu-s
2132 nakzitzac zondlclzons.” Fag: 44 also staced YThe Wolf Lodoe
watzrsned L3 sresencly charactariced as 5y largs guantities of
bedload moving through tha drainage. Heace additiona. increases
in bedlgad producticn or movament are viewad as generallvy
nagativa Impscis L2 tha ovarall fish habiiazi: conditionsz.”

Ae also do nct keliseve ths figurs given on page I of 31T :z:ns per
y2ar for background sedimentation is accurates. Sus to Bhs flaws
in the WATEEZD mede: aadéd the Ilzsus of unstocked lands in tha 3
watersnh=43.

Page 3, Appropriate Moasuremenis of Full Eeneficial Sugpor:

The Forest Serxvica’s Douglas Fir Beetle Final EIS indicates that
a.l the Iresks in the Wolf Lodge Tk area are presentiy
fuactioning at risk, Chapter III pages 1328, 122, 132, and 132Z. We
39 not be:iave the proposed roads TMIDL will enable the say of the
Jrea2ks to attaln a rating of full suppori for bensficial uzs. 2
roads TMDL ignores sediment loadings cdue o Zlows related ts rain
en 3a09% evenis, and the continusd bedload movemen:t groblemas in
tne Wold Ledge Ck zro=2a.

Fagz2 = S=zdiment lozd reductiion aliceation

The r2duction targe: of 71 tons per year aliocated -5 the Fozast
Sf2rvica iz not cradible. The water probiems tha: already exis: in
t%e watershed from the curren® cancpy openings have already seen



mentioned and the reduction target completely overlooks these

problems. There is also the related issue of two new timber sales 3
being planned in the Wolf Lodge Ck area. Search for Horizon and

Horizon Moon each are expected to log over 3 MMBF. Both sales

will have more canopy openings, Search for Horizon alone will

have over 40 more logging units. The proposed road TMDL with more

lagging continues with a business as usual approach to the water

and Zish problems in the Wolf Lodge Ck watershed.

faga 5, Monitoring and Feedback Frovisions

The FTorest Service has had a monitoring program and a feedback
srogram for wmany years. Ths fizheries problems in th2 Wol? Lodyge
4 arex 3till exist and it is difficuli to se= how monitoring in-
Sfp2an 2very five years will correct the eurresnt Zishsrias and
z2dlocal problems.

The WA water jualiiy sctandards thai are reguired for the Wolli
Lodgs Creek watershed will not be met with ths proposad road
TMLL.

3 new TMDL should be written that will Zully and complstely met
all 2WaA water guality standards and requirsments of the CWA.

Milkz sinziiash .
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United States Forest Idaho Panhandle Silverton Office
Department of Service National Forests ' P.O.Box 14
Agriculture Silverton, 1D 83867
Coeur d’Alene River
Ranger District : Fernan Qffice

2502 East Sherman Avenue
Coeur d’ Alene, ID 83814

File Code: 1950
Date: October 23, 1997

Mike Mihelich
Kootenai Environmental Alliance
P.O. Box 1598 RECEIVED

Coeur d’Alene, ID 83816-1598 DEC 15 1999

Dear Mr. Mihelich: iDHWDEQ
X i . Laoaur d'Alene Fiel ce
The following information is provided from the Timber Stand Activitics database in response to your request datf.ec(:lj Off

September 6, 1997.

1. Approximately 701,166 acres of the Coeur d”Alene River Ranger District are classified as forested.

X
2. Approximately 74,911 acres have had regeneration harvests from 1965-1996 on the Coeur d' Alene River Ranger
District. This includes clearcut, seedtree. selection, shelterwood, and liberation harvests.

3. Approximately 56.439 acres were clearcut harvested from 1965-1996 on the Coeur d*Alene River Ranger District.
During the same period. salvage logging occurred on approximately 57,960 acres. and shelterwood harvests occurred on
approximately 11,070 acres.

4. Approximately 14,889 acres were clearcut harvested from 1963-1969 on the Cocur d°Alene River Ranger District.
5. Approximately 13.049 acres were clearcut harvested from 1970-1979 on the Coeur d*Alene River Ranger District.

6. Approximately 17.287 acres were clearcut harvested from 1980-1989 on the Coeur d°Alene River Ranger District, with
approximately 11,214 acres clearcut harvested from 1990-1996.

7. Between 1980 and 1989, clearcut harvest occurred on 969 acres in Compartment 138; on 1,276 acres in Compartment
139; on 356 acres in Compartment 140; on 131 acres in Compartment 141; on 820 acres in Compartment 142, on 469 acres
in Compartment 143; on 180 acres in Compartment 144; on 1,580 acres in Compartment 145; and on 14 acres in
Compartment 146, Between 1990 and 1996, clearcut harvest occurred on 128 acres in Compartment 138; on 72 acres in
Compartment 139; on 127 acres in Compartment 140; on 0 acres in Compartment 141; on 435 acres in Compartment 142,
on 0 acres in Compartment 143; on 479 acres in Compartment 144; on 10 acres in Compartment 143; and on 96 acres in
Compartment 146.

8. Between 1980 and 1989, clearcut harvest occurred on 0 acres in Compartments 314, 319, 335 and 346; on 57 acres in
Compartment 320; and on 285 acres in Compartment 357. Between 1990 and 1996, clearcut harvest occurred on 0 acres in
Compartments 314, 319, 320, and 335; on 11 acres in Compartment 346; and on 192 acres in Compartment 357,

You aiso requested information regarding the amount of timber volume removed from the Coeur d’Alene Ranger District
since 1965, and since 1980 in specific compartments. Our database records do not contain this information.

 AeoeSate et

SUSAN-TEHEBER-MATTHEWS
District Ranger '

Caring for the Land and Serving People Pantedt n Rocycled Papar

&
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United States Forest Idaho Panhandle Silverton Office *
Department of Service National Forests P.0O.Box 14
Agriculture : Silverton, ID 83867
Coeur d’Alene River
Ranger District . Fernan Office
' 2502 East Sherman Avenne

Coeur d’ Alene, ID 83814

File Code: 1950

Date: November 7, 1997

-Mike Mihelich
Kootenai Environmental Alliance
P.O. Box 1598
Coeur d'Alene, ID 83816-1598

FEERE

Dear Mr. Mihelich:

The following information is provided from the Timber Stand Activities database in response to your request dated Z
November 1, 1997.

it

Compariment # Acres Acres of Acres of Clearcut »
Regeneration Harvests »
138 9,992 3,119 2,672
139 11,471 4,871 4,348
140 4,757 815 815
141 4,635 151 131
142 8,637 2,968 2,514
143 7,640 4,115 2,187
144 5,867 933 898
145 8,662 3,439 - 2,146
146 4,062 242 137
181 5.921 585 378

Please note that under some regeneration methods, a second treatment may occur on the same acres. For example, a
shelterwood is a regeneration harvest method in which some of the trees remain following initial harvest to supply seed and
shelter for the remaining stand. Final removal of the shelterwood trees may or may not oceur following regeneration

establishment (5 to 13 years).

If you have additional questions, please feel free 1o contact either Steve Bateman or me at 769-3000.

LR Geftlle, S K 2ttt onr
=" SUSAN JEHEBER-MATTHEWS
District Ranger
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Table A-1. Past Harvest Openings and Recovery Status by Resource.

) TREE HEIGHT AVERAGE
YEAR OF DENSITY RANGE HEIGHT TIMBER WATERSHED WILDLIFE VISUAL
STANDID | ACRES| HARVEST | TREATMENT | (Par | (EED) (Feem - | Recovery | Recovery | PRS0V | gecoveny
67-202 " 1977 Clearcut 2500 7-10 8 Yos A Yos No
Cl-204 11 19 Clearcut 2900 312 7 Yeos 5 Yes No
_87-205 41 1977 Cleargut 1400 7-8 6 Yos 3 No
67-303 - 5 1977 Permanent <25 < 1" No K| No No
67-801 37 1971 Clearcut { 850 g-12 7 Yes 2 Yes No
87-602 70 1572 Clearcut 1900 512 7 Yes 4 Yeas No
87-701 52 1974 Claarcut 300 5-14 5 Yes 2 No Na
_87-702 50 1974 Clearcut 1250 11-14 12 Yos 4 Yas No
67-705 9 - Clearcyt 100 4.8 5 Yes 1 No No
&8-101 57 1974 Clearcut 2700 6-18 10 Yos ) No No
68-102 34 1874 Clearcul 1050 817 1 Yes .5 Yos No
66-103 8 1974 Shelterwood 1500 4-15 9 Yos S Yes Yeos
68104 38 1974 Clearcut 200 1-20 5 Yes 2 No No
| 68-106 9 1974 Claarcut 600 47 5 Yes 2 No No
68-108 9 1974 Clearcut 1100 5-20 8 Yes 5 Yoz No
68-401 g 1986 Clearcut 8500 518 10 Yos B Yos Yos
68-402 9 1966 Clearcut 300 510 8 Yes 4 Yas Yos
[ 68508 3 1966 Clearcut 300 5-10 8 Yos A Yos Yos
| 69-108 15 _|__1670 | Clearcut 300 310 -8 Yos 4 No No
N N I < W T Claarout 450 <1 <1 No i No No
69-241 - B 1970 Clearcut 300 310 [ Yas A No No
€9-302 a0 1972 Clearcut 1250 518 11 Yes R} Yes No
69-305 45 1974 Shelterwood 800 2-11 7 Yas 8 Yeos No
71-104 4 1987 Clearcut 450 <2 1 No AR No No
71301 30 1974 Cloarcut 1000 2.5 3 Yas 2 No No
71-401 113 1969 Clearcut 300 4.10 8 Yes -4 Yos No
71-402 4 1968 Clearc 400 29 S Yos .3 No No
7i-404 92 1972 Clearcut 800 &7 B Yos 3 No No
71-406 8 1974 Clearcut 600 312 8 Yes 5 Yos No
71-4G8 3 1969 Clearcut 400 518 9 Yeas i Yos No
71-501 1680 1969 Clearcut 450 6-18 10 Yas 8 Yes No
71601 188 1968 Clearcut 450 10-20 15 Yos B Yas No
71-819 5 1568 Clearcut 450 15-30 20 Yes ] Yes No
1297 OTHER TREATMENTS OF CONCERN
69-201 127 1974 Liberation 550 315 8 Yeas 8 I Yos I No
69-306 12 1874 Liberation 1000 312 6 Vac e .
oA ann - -==-
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3. CHANGES IN FLOW

INTRODUCTION

Changes in the size of peak flows, the discharge at low
flows, or annual waler yicld usually are not considered as
water quality paramelers. Nevertheless, forestharvest, road
building, and other management aciivilies can resull in
substantial changes in the volume and timing of runolf, and
this haslong been a source of public concemn, Changesinthe
size of peak flows can have important implications f{or the
stability of the stream channcl, size and guantity of the bed
material, and sediment ranspodt rates. An increase in low
flows generally will reduce peak summer temperatures and
increase the available [ish habitat, Changes in water yield
typicalty arc too small to be measured, but in high elevation
basins with extensive hydropower development the theo-
reticalincrease in water yicld can have substantial economic
value. In some arcas the ¢valuation of cumulative eflects is
bascd largely on the estimated capability of the surcam
channel 10 accommodate an increase in discharge,

Flow parameters were included in the G uidelines because
of their potential sensiti vity 1o forest management activitics,
their relationship to designated uses, and gencral public
concem. Evenif aflow parameter is not explicily included
inamonitoring project, discharge measurements are needed
1o interpret other data, such as turbidity and conductivity,
and o calculate the total Nux of nuiricnts, sediment, and
other materials being transported by streams.

In summary, the pattcrmns and valucs of discharge are
important characteristics of forest streams, and they inte-
grate all the different effects of specific management
activities on the hydrologic cycle. Maintaining favorable
conditions of flow was an impontani justification for estab-
lishing the National Forest system, and this concern per-
sists to the present day. Forest management activities can
affect discharge through a variety of individual processes,
and this chapier reviews the three parameiers of greatest
concem,

3.1  INCREASES IN THE SiZE
” oF Peak FLows

Definition

Peak flaws refer to the instantancous maximum dis-
charge associated with individual storm or snowmeltevents.
The diversity of climatcs in EPA’s Region 10 means that
peak flows can result from several differeat types of cli-
matic events. In the low-lying, coastal basins in the Pacific
Northwest, for example, winter rainfall is the primary canse
of pcak Nows. In many of the higher-clevation and interior
arcas, peak flows are gencrated by spring snowmelt. Other
possible causes of peak flow events are summer thunder-
showers and rain-on-snow ¢vents, Bothof these latier canses
may be less common and less predictable, but in certain
basins they may be responsible for the largest runoff events.

Many basins may be exposed 10 more than one cause of
peak flows. For example, spring snowmelt may generate
the peak discharge in most years for a given basin, but less
common rain-on-snow events may be responsible for the
larpest discharge events, Prediction of the effects of forest
management on Lhe size of peak flows is complicated by the
fact that forest management will have quite different effects
on the size of peak flows depending upon whether the peak
flows are caused by spring snowmelt, high-intensity rain
storms, or rain-on-snow events, The effect of forest harvest
and other management activitics also will vary according 10
factors such as the type of yarding (tractor or cable), the
density of skid trails and landings, soil type, and soil
moisiure conlent, Prediction of the effectof management on
the size of peak flows therefore requires (1) knowledge of
the climatological events that cause the peak flows in the
basin of interest, (2) specification of the peak flows of
concem (¢.8., the mean annual flood or more extreme events
such as the 50-year flood), and (3) specific knowledge of

J—__
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how the management activities are likely 10 affect each of
the major components of the hydrologic cycle (interception,
jnfiltration, evapotranspiration, and snowmelt).

Eelation to Designated Uses

Peak fMows have important effects on streamn channel
. morphology and bed material particle size (Chapwer $).

© Specificaily, since higher flows move larger particles, peak
flows delermine the stzble particle size in the bed material
(Grant, 1987). Large, stable particles provide important
habilal niches for invencbrates and small {ish. A highly
unstable bed will reduce periphyton and inveriebrute pro-
. duction (Hynes, 1970). The size of peak flows also is im-
portant in determining the stability of large woody debris
and the rate of bank erosion. Increased bank erosion and

" alter the amount of active sediment in the stream channel.
Periods of high flow also are periods of bank building and
deposition an active floodplains, especially in arcas with
dense riparian vegetation,

The vast majority of the sediment transpont occurs during
peak flows, as sediment transport capacity increases loga-
rithmically with discharge (Rittar, 1978; Garde and Ranga
Raju, 1985). The ability of the stream to tansport the
incoming sediment will help determine whether there is
deposition or erosion within the active suream channel, The
relitionship between sediment load and sediment transport
capacity will affect the distribution of habitat types, channcl
morphology, and bed material particle size (Chapier 5).
Increased size of peak Nows due to urbanization have been
shown 10 cause rapid channe! incision and severe decling in
fish habitat quality (Booth, 1950).

A change in the size of peak flows can have important
consequences for human {ife and property. Structures such
as bridges, dams, and levees are designed according to a
presumed disiribution of peak flows. [ the size of peak
flows is increased, this could reduce the factor of safety and
lead 10 more frequent and severe damage.

—

Response to Management Activities

ig= ©  Forest management aclivities can increase the size of

B Peak flows by a varicty of mechanisms, and these include

;"- e following:

- L. road-buitding (duc 1o both the impervious surface and
the interruption of subsurface ateral flow);

channel migration will affect the riparian vegetation and -

6. any change in l.hc_
synchronizaticn of p;é'{;',
~ By the same logic indicateq | (in item =< :
may reduce the size of peak-hﬂarws.b esynch ng-
runoff £
peaks (Harr, 1989). Under ce cenam condmms forest
harvest also can reduce the size of the mmﬁé‘?'pmkm by o
reducing fog: drip, thereby reducm
moisture storage prior to some slm-m events : j
Each of these mechanisms will have dlffercm eff
different seasons and in storms of d:rrm-ent :
Sufficient care in the layout and cxecuuon uf roads and <
timber harvest will minimize the changes in lhc s:ze of peak ‘.
flows from the first four runoff processes identified above. '
Thus in the absence of rin-on-snow events,-the most
dramatic changes in the size of peak flows arc observed in
the smaller siorms in avtumn or early winter, when less
precipitaon is needed to recharge soil moisture {e.g., Harr .
etal., 1975; Ziemer, 1981). Forest management activitics
can have a rclatively negligible effect on the peak flows
associated with major floods if very little of the caichment
has been subjected to compaction or coavernted 1o an imper-
vious surface.

The elfects of forest management on peak [low size are
quite different when the largest floods are caused by rain-
on-snow events, In these areas, forest management—-by
increasing snowpaxck accumulations in openings and in-
creasing the rate of snowmelt in clearcuets and young plan-
tations (Berris and Harr, 1987)}—<can increase the size of
peak flows in major flood events.

The effects of forest managemeni actvities on the size
of peak flows have been studied in a number of paired
watershed experimenis in the Pacific Northwest and else-
where (¢.g., Harr, 1983; Bosch and Hewleu, 1982). Inmost
cases forest harvest has been found 1o increass the magni-
tude of peak flows, and this has been atribuied w seil
disturbance reducing infiltration and subsurface stormflow
{Cheng ctal., 1975), changes in short-lerm snow accumula-
tion and meh {Harr and McCorison, 1979), and soil com-
paction {Harr et al., 1979).

A few swdics have shown no significan changes in the
frequency or magnitude of peak flows (Harr, 1980; Harr et
al., 1982; Wright ctal., 1990). In onc case the absence of an
increase in the size of peak Nows was due at least in part lo
a reduction in fog drip; one must also assume there was
minimal s0il compaction and soil disturbance. The lesson
from these studies is that forest managemenl can have a
variety of intcracting hydrologic cffects, and the sum of

] 2.. reduction of infilration rates and soil moisture swrage | these cffects will determine whether an increase in the size
% - Capacity by compaction; of peak Mows is likely (Harr ct al., 1982).

Y. 3. :’;-duccd rain and snow intereeption due o removal of

9 ¢ forest canopy:
fia 4. higher soil mollj:lurc levels duc to the reduction of Measurement Concepts

-3 5 Cvapotranspiration; Peak Mlows can be identificd cither by continuous mea-
eh, InCreased rate of snowmely; and surement of stage (water surface clevation) or by the use of
E: . crest stage recarders, Usually stage is converied (o dis-
..:‘
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charge by periodically surveying the stream cross-section
and mcasuring sircam velocity at various waier swrface
elevations. The calcufated discharge is then plotted against
stage o obtain a rating curve (Buchanan and Somers, 1969).

The conversion of stage to discharge is needed in order
to esuablish a quantitative relationship between peak (lows
in two or more basins. Changes in the size of peak flows can
then be detected by a change in this relationship, Direct
comparisons of stage heights between basins is not appro-
priate because the relationship between stage and discharge
is unique for cach location and may change over time as the
channcl crodes, aggrades, or shifts laterally,

The comparison of discharge from similar, adjacent
catchments is the most sensitive means to detect changes in
the size of peak flows. Usually atleast 3 years of calibration
data are nccded to establish a relationship capable of pre-
dicting about 70-85% of the variance in discharge. A pro-
portionzally longer calibration period will be needed 10 es-
tablish a valid statistical relationship for peak fiows with
longer recurrence intervals. The pre-disturbance discharge
relationship is then used to determing if there is a statisti-
cally significant change in discharge due to management
activities in one of the catchments,

An altcmative to the paired-catchment approach is to
relate the stage or discharge at one location to precipitation,
and then assess how this rainfatl-runoffeelationship changes
with management The difficulty with this technique is that
rainfall-runoff models are relatively crude, and the uncer-
tinty associated with rainfall-runoff medel predictions
generally increases with increasing discharge. This uncer-
tainty then makes it very difficult to identify a change in the
size of peak flows duc to management activitics.

Direct measurement of peak flows can be obtained by
continuous mecasurcments of water level or by crest-stage
recorders. Contingous measurement of discharge usually
requires constructing astilling well and establishing astage-
discharge reiationship. This is relatively expensive and
requires acontinuing inputof stafl time tocheck on the stage
recorder, establish a stape-discharge relationship, and trans-
form the stage data to discharge.

Crest-stage recorders are much simpler, as they only
record the maximum water level. In the absence of a stage-
discharpe relatonship, the values may be difficult to inter-
pret,as changesinchannel morphology canalier the observed
crest from cvents with identical peak discharges. Typical
crest stage recorders consist of vertical tubes containing
powdered cork. Small holes in the tube allow water to cnter
and leave the crest gages, and a ring of powdcred cork is left
at the highest water level occurring between cbservations.

A major problem in monitoring changes in the size of
peak flows is the infrequent natuce of high flow events.
Hence sample sizes are small, and the capability o detect a
statistically significant change is low. For this reason most
rescarch addressing changes in peak fiows have focused on
runoff events that occur several times cach year. Monitor-

ing changes in the size of peak flows associatag wnh s
with longer recurrence intervals is much more dlfﬁcu
S—ycar storm, for example, only has a 20% chance ¢ of 63
ring in a given ycar, and-only 2 67% chance of occumn
withina specified 5-yearperied, Hence a very Iongcal
tion period is needed for these rarer events, and the”

harvest moniloring period is limited by the hydrolgy
recovery of the site to pre-harvest conditions, pm. _
reason changes in the size of the larger peak Nows'| Eencmll .

cannot be measured directly.

Monitoring changes in the size of peak flows ls'al
limited by the cost of establishing and maintaining Slallons
Lo measure peak discharges. Continuously recording ga 2
ing stations are rclatively cosdy Discharge measurcmems
during high flow events rcquire some access (o the site and
a structure from which one can safely measure velomy
Crest-stapge recorders are relfatively simpleand i mcxpcnswc,
but they have a much lower sensitivity. .

s ket T Y P e T PR el = £ A AT T

Standards

No standards for changes in the size of peak flows have'
been ¢suablished or proposed. :

Current Uses

The difficultics in deermining a change in the size of
peak flows means that this parameter is rarely included in
most monitoring projects. Nevertheless, potential changes
in the size of peak Mows can be an important constrainl 1o -
forest management (Grant, 1987), particulary in arcas sub-
ject to rain-on-snow events. Hence most environmental
assessments and other planning documents ¢valuate pro-
jected changes in the size of peak flows by extrapelating
from the limited number of paired-catchment cxperiments
ihat have examined the issue.

Itis important 1o note that any change in the size of peak
[lows is most likely 10 decline in magnitude as one moves
downstream. This is due to both a dispersion of the {lood
wave in time and the lack of change in other ributaries (i.c.,
a dilution effcet) (Linsley ¢t al., 1982). Propertionally
larger increases in the size of peak flows will occur down-
streamonly if the timing of peak runoff in the managed basin
is altered in such a way that it becomes synchronized wilh
peak runoff in other tibutaries (Harr, 1989).

Assessment

Forcst management aclivitics can increase the size of
peak flows by transforming subsurface flow to surface
flow, reducing infiliation rates and soil moisture slorage
capacity, reducing interception losses, increasing soil mois-

E

ture, and altering rates of snowmelt. The relative effects of b2
these changes will vary by seasen, site, and siomn sine. L
Carcful management and post-harvest rehabilitation mea- ;&
NE
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sures can largely alleviate changes in the size of peak flows
doe to compaction, disruption of subsurface flow paths, and
reduced infiltration rates. This means that in areas not
subject to rain-on-snow events, the largestchange in the size
of peak flows can be limited to the first few storms following
the growing season, when the higher soil moisture carryover
results in a greater proportion of runoff, Msjor floods, such
asthose with areturninterval of 50 years ormore, should not
be as greatly affected by forest management activities, as the
total rainfall is normally sufficient to make up any initial

“differences in soil moisture content. However, if forest

harvest and other management activities substantially in-
crease the amount of compacted or impervious arcas (e.g.,
roads, landings, and skid trails}, the size of peak flows from
all storms is likely 1o increase (Harr et al., 1979), -

Forest harvest can increase the size of the largest peak
flows in areas where the largest floods are caused by rain-
on-snow events. This increase in the size of peak flows is
due to the combination of increased snowpack (caused by a
reductionin imerception losses) and an increase in snowmelt
due to increased turbulent heat transfer, Recentresearch in
the Washinglon Cascades has indicated that harvesied plots
can yicld up to 95% more runof[ than unharvested areas, and
runoff from 18- to 20-year-old plantations is around 40%
higher (R.D. Harr, US.F.S, Pac. Northw. Res. Sta,, Seattle,
pers. comm.), .

In summary, the effects of forest harvest on the size of
peak flows is difficult to predict and measure. Providing
that soil disturbance and compaction arc kept to a minimum,
concem over increascs in the size of peak flows is appropri-
aie primarily in arcas where rain-on-snow cvenls gencrale
the largest flood peaks. Carcful monitoring of changes in
the sizg of peak flows could help provide some insight into
the hydrologic behavior of a basin, but there are more direct
and efficient ways 1 monitor most of Lhe physical effects
that lead 1o 2 change in peak [lows.

Monitoring of changes in the size of peak flows is
difficult because it requires a long-term commitment and
the matching of the basin of interest 10 one with no land use
changes or management activities. Data from past studics
on small catchments indicate that monitoring the size of
peak fNows provides little understanding unless it is accom-
panicd by studies documenting the probable cause(s) of any
observed change. Hence, monitoring the size of peak (lows
is morc appropriatc as part of an applied rescarch project
than as a standard monitoring practice.

3.2  CHances N Low FLows

Definition
In most ol the wesiern U.S., the minimum stream{low is
observed during the laie summer and carly antumn, This

CHAPTER 3. CHANGES iN FLow

decline in discharge is due to a combination of low precipi-
tation, reduced drainage from the soil and bedrock, and

sustained high evapotranspiration. Removal of the forestor -

other vegetalive cover usually results in an increase in low
flows by reducing evapotranspiration (e.g., Harr et al,,
1979) and secondarily, interception.

Relation to Designated Uses

Summer low flows are important primarily for main-
Laining aquatic habitat. An increase in low flows will
increase the wetted perimeter and flow depth, and therchy
provide more habitat. Increased flows will also reduce the
magnitude of any temperature increase due to forest harvest,
as temperature increases are highly dependent on the in-
crease in incoming net radiation relative 1o total discharge
{Scction 2.1},

Response to Managernent Activities

Inmostsmall caichment studies inthe Pacific Northwest
forest harvest has been shown to increase summer low flows
by up o 300% (Anderson, 1963; Rothacher, 1970). Although
Lhis is a large refative increase, the absolute volume of the
increase is small relative to the total annual water yield (Harr
el al, 1982). However, in arcas where {og drip is a major
hydrologic input, forest harvest can cause a decling in
summer low flows (c.g., Harr, 1980). Studies in the drier,
snowmelt-dominated arcas of the Rocky Mountains have
shown low flow increases of only 0-12% following forest
harvest (Bates and Henry, 1928; Trocndle, 1983; Van
Haveren, 1988). The presence of 2 low flow increase in
these more arid environments may depend on whether
summer precipitation is sufficient 1o gencrate a response in
streamflow.

As forest regrowth occurs the increase in low flows is
diminished, and the rate at which low flows retumn 10 pre-
harvest conditions can be highty variable. In coastal Oregon
the harvest of a mawre coniferous forest was followed by
the rapid establishment of phreatophytic vegetation (red
alder, cottonwoods, and willows) in and adjacent lo the
stream channel. Within 10 years the measured summer low
flows showed no increase relative 10 pre-harvest conditions,
and in subscquent years the summer low flows were less
than predicted by the pre-harvest calibration equation, This
reduction jn low flows can be expecied Lo continue until the
phreatophylic vegelalion is overtopped by the less water-
consumptive coniferous species (Harr, 1983). Hydrologic
recovery [rom thinning, understory removal, or bumning of
brush also is likely to require less than a decade.

Measurement Concepts
As wasthe case for peak flows, the most sensitive means

for detecting a change in low flows is to cstablish a statisiical -

-1
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relationship between the discharge of adjacent caichmenis,
A change in the relationship between the two calchments is
used 1o demonstrate a change in low flows. The need 1o
accurately measure relatively small discharges means the
gaging stations must be carefully placed to minimize secp-
age, and the width-depth ratio should be as low as possible.
In small socams some type of weir or flume structure is
likely 1o be nceded to obtain the necessary accuracy.

Changes in low flows generally will be more difficult to
detect in larger catchments because a smaller proportion of
the catchment will be harvested aver a relatively short lime
period. Hence any increase in low flows will be subject to
a dilution cffect from other sub-catchments which do not
have a hydrologically altered vegelation canopy.,

Standards

No standards [or changes in low flows have been
established ar proposcd, .

Current Uses

Monitoring stream discharge is an important compo-
nent of most water quality monitoring programs. However,
low flows arc relatively unimportant in terms of their
contribution to constituent load, sediment load, and water
yicld. Paired-catchment experiments have shown that 20-

30% of a catchment must be cleared 10 obtain a measurable

increase in water yield (Bosch and Hewlen, 1982), Since
mostlong-term gaging stationsarc on larger catchments that
donotcxperience such heavy harvestlevels averarelatively
short time period, changes in low {lows are unlikely 10 be
obscrved at cxisting gaging stations.

Litue attention has been paid to monitoring changes in
low flows because there is very little scope for management.
Remova! of the riparian vegelation usuaily is not a viable
option because of concerns over wildlile and (isheries
habitats, sediment and nutrient inputs, bank erosion, and
stream iemiperatures {Section 6.2). Forest harvest is known
1o decrease evapotranspiration, and some of this water will
be expressed as an increasc in sueamflow, but we have very
limited controf over the amount and timing of this increase.
Although this increasc in low Nows may be significant in
terms of increased habital area—particularly in small
streams—on larger streams the increase gencrally is too
small to be measured. For these reasons most monitoring
pro;cct.s do not explicitly attempt to document any change
in low flows,

Assessment

Forest harvest can cause a substantial increase in sum-
mer low flows, and this will provide additional habitat for
stream biota, Increased low flows also may reduce the
susceptibility of the stream 1o adverse temperature changes

resulting from removal of the riparian canopy. Thuschanges
in low Mlows may be beneficial and of interest to managers,
but low flows gencrally cannot be used as an indicator of
water quality, To date, water rights courts have not ad-
dressed the allocation of any increase in water yield due 1o
forest harvest. The absence of any instiwtional mechanism
to capture the economic benefits of increased low flows, and
the difficulty of measuring small increases on large basins,
indicates that low flow monitoring is rarcly appropriate,

3;3 WaTER YiELD

Delinition

A change in water yield represents the sum of all the
individual changes in runofT overa water year, Most paircd-
walzrshed experiments have focused on changes in the total
annual water yield, so there is much more dats on changes
in water yicld than on changes in low [Tows or the size of

peak flows.

Relation to Designated Uses

The importance of an increase in waler yicld dependson
the timing of the increase, the uses of the water, and the

"extent W which the increase can be captured by storage

facilitics. In min-dominated or warm Snow cNVIronmMents,
the largest relative increases in water yield usually occur
during the summer and first autumn storms (Haer, 1983).
The largest absolute increases occur during the fall-winter
rainy scason (Harr et al,, 1982),

In colder, snow-dominated environments mos of the

increase in water yield will occur early in the spring snowmelt

period because less snowmelt is needed 10 recharge soil
moisture (e.g., Troendle and King, 1985). If there is sufli-
cicnt precipitation during the summer and fall o generate
substantial amounts of stream{low and maintain high levels
of soil moisturc, water yicld increases also may be detected
in these periods (e.g.. Swanson and Hillman, 1977).

The significance of an increase in low flows was dis-

cussed in Section 3.2; the likelihood and significance of |

increasing peak flows was discussed in Scction 3.1. Other
than the possible increasc in the size of the larger peak [lows
due to rain-on-snow cveats, the increase in fall and winler
discharge from forest activities is likely 10 have litile bio-
logical or physical significance. However, any increase in
flow may be beneficial if it can be captured in a downstream
reservoir and used for gencrating clccmcuy. irrigation, of

water supply purposcs. -
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4. SEDIMENT

INTRODUCTION

Arnincreased sediment load is often the most important
adverse effect of forest management activities on streams,
Large increases in the amount of sediment delivered 1o the
stream channel can greatly impair, or even eliminate, [ish
and aquatic inveriebrate habitat, and alter the structurc and
width of the streambanks and adjacent riparian 2o0ne.

The physical effects of increased sediment Ioad can be
cqually far-reaching. Fine sediment can impair the usc of
waler for municipal or agricultural purposes. The amount of
sediment can affect channe] shape, sinuosity, and the rela-

tive balance between pools and riffles. Changes in the .

sediment load also will affect the bed maicral size, and this
in tum can alier both the quantity and the quality of the
habitat for fish and benthic invertebrates.

Many nutrients and other chemical constituents arc
sorbed onto fine particles, so scdiment loads are often
directly related to the load of these constituents. Indirect
clfects of increased sediment loads may include increased
stream temperatures and decreased intergravel dissalved
oxygen {DO),

These wide-ranging cffects suggest that there are an
cqually broad range of techniques that can be used to assess
the quantity and impact of the sediment load in a particular
stream. Direct measerements include suspended sediment
concentration, turbidity, and bedload. Indirect methods
include measurements of channel characteristics suchas the
width-depth ratio, sesidual poot depth, bed material particle
size, or the width of the riparian canopy opening (Scctions,
3.2,5.3,5.6,and 6.1, respectively). This chapter discusses
only the parameters of suspended sediment, turbidity, and
bedioxd.

4,1 Suspenpep SEDIMENT

Definition
Suspended sediment refers to that portion of the sedi- =8
ment load suspcndcd in the water column Thas at lcasl

material rolling along the bed. The rclau\ ¢sizeof paruclcs
transporied as bedload and suspended sediment will \.ary
with the flow charcteristics (e.g.. veleeily, bed foms,:
turbulence, gradient) and the chamcteristics of the material
being tansported (e.g., density, shape). For the Paciflic
Northwestand Alaska, panticles <0.1 mmin diamcier (clays,
silts, and very fine sands) arc typically transported as sus-
pended sediment, while particles > 1 mm in diameter (coarse 32
sand and larger) typically are transporied as bedload (Everest -3
ctal, 1987). Panticles between 0.1 and 1 mm arc usually
transported as bedload, but can be transparted as suspended 33
load during terbulent, high flow cvents (Sullivan et al.,
1987). The process of saltation, in which particles bounce
from the bed up into the water columa, blurs the distinction
between these two terms. Local hydraulic conditions also
can cause shifts in the relative proportion and size classes of
bedload and suspended sediment.

Suspended sediment also should be distinguished [rom
wash load. The latser term refers 10 particles that are washed
into the stream during runoff events, and that arc finer than
the particles found in the stream bed (Riuer, 1978). By
definition the wash load is fincr than the bed material toad,
and the wash load is considercd 10 remain suspended the
lengthofthe fluvial sysiem (Linsley ctal., 1982). Normally
the wash load is defined as particles smatler than 0.062 mm
(siltsand clays). The concept ol wash load israrely used by
fluvial geomerphologists or fish biplogists, and it is difficult
ioapply in thetype of monitoring studies addressed in these
Guidelines.

(o8]




B~ lation to Designated Uses
. Numerous laboratory studies have documented the ad-
B2, crsc impacts of fine sediment on benthic invericbrates as
K vell as salmonid reproduction and growth (Chapman and
e eod, 1987). Hynes (1970) characterizes streams with
dy beds as having the lowest species diversity and
Biaquatic prcducnivity. Asnoted in Section 2.4, fine sediments
1o fill the interstices between coarser particles, and this
-2 uces the habitat space for small fish, inverebrates, and
B 5iher organisms. An intrusion of fine particles into the bed
P aterial also reduces the permeability of the bed material,
B4nd this often results in a decline in the concentration of
intergravel DO (Section 2.4). Cerain invertebrate specics
B 7 very sensitive toeven small declines in DO, and the EPA
- andards for DO within the water column are set in part
I 'hecause of the seasitivity of invericbraies and salmonid
B+ eoroduction to the concentration of intergravel DO (EPA,
.- 1986b).
By Reduced gravel permeability can inhibil salmonid re-
production by reducing the concentration of DO and by
‘entrapping &levins or fry. In a laboratory study a subsirate
.containing 20% Mincs was found o reduce emergence suc-
- cessby 30-40% (Phillipset al., 1975). Although other field
“observations support the basic link between fine sediment
‘and adecline in salmonid reproduction, direct extrapolation
of laboratory studies 1o the ficld is difficult because (1)
changes in suspended sediment typically are accompanied
by changes in other environmental lactors: (2) different
BB  species have varying sensitivity to sediment atdiffercm life
SEW: siages and under different environmental conditions; and
SRR (3) changes in behavior-may help alleviae the adverse
BES  effects of increased sediment (Everest et al., 1987). These
same constraints apply w studies relating the concentration
of fine sediment to the growth and survival of salmonid
SR juveniles and adulis. .
N An excess of fine sediment ¢an adversely affect habitat
WL 3vailability. The case study of the South Fark of the Salmon
B River (Box 3, page 17) provides onc cxample, and similar
y Observations have been made on other streams (e.g.. Grant,
1986; Cederholm and Reid, 1987; Sullivan et al., 1987).
g Often, however, pool infilling is duc to sand-sized particles
- which arc considered fines by fisherics biologists, but may
SO "0tbc iransported as suspended scdiment. Thus an increase
In the concentration of suspended sediment may not nee-
::::"il)’ be correlated with a decreasing bed material panticle
Dircer effects of suspended sediment on salmonids
o Ceur only ai relatively high concentrations. For example,
3 N°E.SIC (1978) found that the ability of coho salmon fin-
. Ecrl:ngs tocapture prey was reduced at suspended sediment
Oncentrations of 300-400 mg L-1. Mortality of salmonids
_ OCCurs only at concentrations greater than 20,000 mp L7
. Evercs el 1987),

-,
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CrarreR 4. SenimMent

An increase in suspended sediment concentration will
reduce the penetration of light, and a sustained high concen-
tration of suspended sediment could reduce primary pro-
duction if other factors are not limiting (Gregoryetal., 1987;
Section 7.2). The effect of suspended sediment on water
temperature has not been well documented. EPA’s Qualiry
Criteria for Water notes that suspended materials will in-
creasc heat absorption, particularly in the surface layer, and
inhibit mixing between the warmer surface layer and the
cooler underlying waters (EPA, 1986b). Others believethat
the addilional heating due to suspended sediment is negli-
gible because turbid waters have a higher reflectance, The
reduced peneiration of solar energy caused by an increase in
suspended scdiment concentration could reduce the solar
heating of the bed material, but the attenuation of light
cnergy in water is so rapid that any difference in heating
would cccur only in arcas where the water is less than about
10 cm decp. The praciical implications of an increased
suspended sediment load on stream temperatures and mixing
arc limited by the fact that (1) mosi forest streams are very
well mixed, and (2) suspended scdiment concenlratians
typically are very low in summer, which is when high water
remperatures are of most concem.

The concentration of suspended sediment also can af-
fect the morphology of alluvial channels. Schumm (1972)
classified alluvial streams by the propornion of bedload to
suspended load. Streams with $7% or more of the total
sediment load as suspended sediment had width-depth ra-

" lios <10, and sinuosities >2. In such channels an increase in

the suspended load would tend, ot least initially, 1o narrow
the channel as the fine sediment is deposiied along the
hanks. Flume stzdies have shown that an increase in suspendad
sediment concentrations causes an increase in velocity and
a steeper channet gradient (Chang, 1988). An increase in
fine sediment may also delay the initistion of bedload
transport{Beschiaand Jackson, 1979). In gencral, however,
the concentration of suspended sediment has litde influence
in shaping stream channels {Everest ¢t al, 1987).

Suspended sediment can adversely affect several other
designated uses of water, High concentrations of suspended
scdiment can damage turbines in hydroelectric planars. Sus-
pended matter reduces the value of water for esthetic pur-
poses. For example, it is unacceprable in municipal water
supplics for csthetic reasons: moreover, it reduees the efli-
cacy of normal weatment procedures (EPA, 1986b).

Suspended scdiment will settde out in still or slow-
moving waters, and this ¢an result in clogged irripation
canals and reduced reservoir storage capacity.  In some
casces, however, the deposition of suspended sediment can
be regarded as beneficial. For example, deposition during
high flow evenws provides additional nutrients and soil
materials. This regular deposition is a major reason why
alluvial vatleys ofien are amonyg the most productive and
fertile farmlands.
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Effects of Management Activities

Forest management activities can affect the amount of
suspended sediment in streams by altcring both the crosion
roic and the rate of transport into the stream channel. The
range of management activities, and the number of crosion
and ransport processes, have resulted in an extensive lit-
crature on the relationship between forest management and
sediment yicld. However, recent changes in forest man-
agement practices may make it impossible w dircctly cx-
trapolate from previous studies, even if they were conducted
in a comparable cnvironment (Everest et al., 1987). The
following paragraphs provide a bric{ summary ratherthan a
comprchensive overview,

Most comprehensive studies of the effects of lorest
management have found road-building and road mainte-
nance 1© be a primary source of sediment (e.g., Brown and
Krygicr, 1971; Megahan and Kidd, 1972). This sediment
can be eroded from the road surface (e.g., Reid and Dunne,
1984), from road fills {¢.g., Megahan, 1978), or from slope
failures associated with road construction and drainage
(c.g., Duncan et al., 1987; Mcgahan and Bohn, 1989). In
mast cases there is a sharp increase in sediment yicld associ-
awed with road-building activides, and a rapid decline as
roads stabilize {¢.g.. Beschia, 1978). Increased sediment
yields 1end 10 be more persisient il the erosion siems from
slope failures or surface runoff associated with continued
heavy mffic.

Forest harvest can increase sediment yields by a vaniety
of processes: surface erosion from landings, skid trails, and
other compacted areas; slope lailures triggered by removal
of the tree cover; and surface crosion from burned areas or
arcas disturbed by site preparation activities (Swanson etal.,
1987). Surface crosion can include both fluvial detachment
and transport as well asdry ravel and surface creep (Swanson
ct al.. 1987). Historic practices of disturbing the sweam
channet and remaving large woody debris also have been
shown to increase the amount of fine sediment in the stream
channel (Bilby, 1981; Megahan, 1982). Removal of, ora
reduction in, the fiparian vegetation is a another mechanism
by which forest management activitics can incrcase the
amount of fine sediments {¢.g., Platts, 1981). Grazing ofien
exacerbates the effect of reducing the vegetative cover by
simultancously trampling the vegetalion, compacting the
soil, and trampling the strcambanks (Gifford, [981).

In some cases management activities may have no sta-
tistically significant cflect on suspended sediment concen-
trations. Some of the key factors controlling the actual
increase insuspended sedimentiare as follows: (1} the intensity
of disturbance, (2) the areal exient of disturbance, (3) the
proximity of the disturbance 10 the channel system, and (4)
the storm events experienced during the periods when the
sile is most sensitive o crosion and mass movements
(Everestetal,, 1987; Swansonetal,, 1987). The high natural
variability of suspended sediment often makes it difficuli to

delect a statistically significant increase in suspendeq
ment from well-planned and properly executed mes[%
vesl operalions. hap

Measurement Concepts

Suspended scdiment concentrations are determineg
obtaining a water sample, drying o filtering the sample, z
then weighing the residual sediment. Concenlmlions' am.

typically cxpressed in milligrams per liter (g L-1), ang this. 28

usually is equivalcnt to parts per miltion (ppm) because 1 L.
of water has a mass of approximariely 1 million milligrame .

As scdiment concentrations increase, however, the density
~ of water exceeds 1000 g L}, and this causes an incrcasing" '
divergence between milligrams per liter and parts per mil-

lion.

ment is how 1o sample in time and space. Estimates of the
total amount of suspended sediment over time often are
bascd on a presumed relationship between thic concentration

of suspended sediment and stream discharge, but this isby © -

no means constant or reliable {e.g., Ferpuson, 1986), For
example, suspended sediment concenuations for aspecified
siorm event ypically are much higher afier adry period than
afier an earlier, but recent, storm, Often sespended sediment

concentrations are higher during periods of increasing dis- _

charge (i.c., the rising limb of the hydrograph) and lower
during periods of degreasing discharge {i.¢., the fafling limb
of the hydrograph). However, detailed studics indicate that
this is not always the case {¢.g.. Ricger and Olive, 1936;
Williams, 1989a). Walling and Webb (1982) discuss how
the physical processes of scdiment production and yieid
need 1o be taken into account to better predict sediment yield
and thereby reduce the apparent variability of suspended
sediment concentrations.

Suspended sediment concentrations can show consid-
crable spatial variability. The increase in suspended sedi-
ment concentration with depth is well known (c.g., Guy.
1970), but the size and concentration of suspended sediment
also can vary according to local turbulence and velocity.
Thomas (1985) providesadctailed discussion of the concepls
and methods of measuring suspended sediment in small
mouniain streams.

The concentration of suspended sediment also is highly
sensitive 10 the method of sampling. Any sampler disrupls
the flow lines, and this can bias the sample. Orifice 52¢
length of the intake nozzle relative to the sampler, and the
percent of the sample bottie filicd all can influcnce the
accuracy of the sample. The hydraulic requirements 0
suspended sediment samplers generally preclude samphing
within 10 ¢m or so of the stream bottom (Guy and Norman.
1970), and this limits the accuracy of any atempt Lo obtain
an absolute estimate of suspended sediment flux.

Suspended sediment samplers can be scparated into w0
basic types—point-integrated and depth-inegrated. Point-

e
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ity, gravel permeability, and bed material panicle size
wiil be very different.

Assessment

Suspended sediment is a very usclul indicator of active
ecrosion ina particular basin. However, the multiple processes
involved in scdimeal storage and delivery preclude the use
of suspended scdiment concentrations as a quantitative
measure of specific hillslope and channel processes. On the
other hand, suspended sediment concentrations are very
scnsitive to landscape disturbance, and its conceptual sim-
plicity gives it broad appeal.

The primary problem with using suspended sediment as
a monitoring tool is its inherent variability. Representative
samples are difficult w obtain, and suspended sediment con-
centrations vary remendously over time and space, Thus
it is often difficult to determing if there has been 2 sigs
nificant increase in suspended sediment, and whether an
obscrved increasc is due Lo management aclivities or natural
causes. These problems are cxacerbated as one moves
farther downstrcam because the impact of individual man-
agement activities is dituted and the amount of suspended
sediment from other sources becomes larger.

Suspended sediment can and should be included in a
menilering plan provided it is recognized a priori that (1)
identfying an increase in suspended sediment due to {orest
management requires several years of background data
from the basin or site where management will occur and a
similar sct of data from comparable, unmanaged site(s); and
{2) calculaling suspended sediment fluxes and loads resuls
in an inherent uncentainty of at least 25-50%.

Suaspended sediment also is just one component of the
overall sediment budget.  Changes in bedload generally
have the greatest geomarphic impact (Section 4.3}, but Lhese
may or may not be comelated with suspended sediment
{Williams, 19860}, Turbidity (Scction 4.2) is highly cor-
related with suspended sediment, but this reladonship must
be determined for each basin and usually cach site. As
indicaied above, the adverse impact of suspended sediment
also is a function of the size distribulion of the suspended
partcles.

4.2  TurslDiTY

Detfinition

Turbidity refers to the amount of light that is scattered
or absarbed by a fleid (APHA, 1980). Hence wrbidity isan
optical propeny of the fluid (Hach, 1972), and an increasing
\whbidity is visuatly described as an increasc in cloudiness.
Turbidity in streams is usually due to the presence of suspended
particles of silt and clay, but other materials such as finely

—

divided organic matter, colored organic compounds, Plank
ton, and microorganisms can coniribule 1o the turbig; ]
valuc of a particular water sample. Since relative p.-'opm,
tion, sizc, weight, and refractive propertics of these materi:
als vancs considerably, a correlation of turbidity with lhe.
weight concentration of suspended matter cannot be 5
sumed (APHA, 1980). '

Prior to about 1970 turbidity was measured primarity iy
Jackson wrbidity units (JTU). Jackson wrbidity unjrs are 3
determined by slowly increasing the depth of walerinaclegy
cylinder until a candle flame placed under the bottom of the , 53
cylinder disappears into a uniform glow (Hach, 1972), i
Scveral problems are associated with JTUs:(l)usablerangg 3
is 25 JTUs and greater; (2) turbidity due to dark-coloreq - 4
particics cannot be measured as o much light is absorbed;
and (3) very fine particles arc not measured (APHA, 1980),
These problems have led to the widespread replacement of
Jackson's candle turbidimeter with photoclectric turbi-
dimetcrs. R

Phowelectric turbidimeters measure turbidity in neph-
ciometric turbidity units (NTU); they arc able to accurately 337
measure much Jower levels of turbidity, and measurements
generally are not affecied by particle color (Hach, 1972),
These properties make photoclectric turbidimetersand NTU
unitsthe preferred method for measuring turbidity in streams,
The differcnces in measurement techniques mean that there
is no standard conversion between Jackson turbidity units
and nephelometric turbidity units (APHA, 1930).

Relation to Designated Uses

Turbidity is an imporant parameter of drinking water

for both aesthetic and practical reasons. A strong public
reaction can be expected to a lurbid water supply, evenif the
watertechnically is safe 1o drink, However, suspended matter
provides arcas where microorganisms may not come into
contact wilh chlorine disinfectants, so high turbidity levels
may limit the efficacy of normal treatment procedures -
(EPA, 1986b). Smal! rural communitics may not beable 10
alford the additional treatment costs necessitated by an -
increasc in the turbidity of their basic water supply (Harvey,
1989). '
Turbidity also has a direct detrimental cffect on the
recreational and aesthetic use of water. The more turbid the
water, the less desirable it becomes for swimming and othe
watcr contact sports (EPA, 1986b). In many foresied a1eas
tourism and recreation are imponant components of the
local economy, and increased turbidity couid adverscly
alfect the attractiveness of a water body for fishing, boating.
swimming, or other walcr-related activities.

Most of the biological cffects of turbidity are duc lo.lhc
reduced penetration of light in turbid waters, Less Jight
penetration decreases primary productivity, with periphy” 4
ton and atached algae being most severely affecied. Der

clincs in primary productivity can adversely affect the
__._-.--
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pe used as a surrogate for suspended scdiment concentra-

tions. The relalive easc of measuring turbidity means that

qua]imrjvc field observations and synoptic sampling can be

gsed 1o identify specific sediment sources (source-search

B " hodology discussed in Part I, Section 3.2.3).

Turbidity is regarded by many as being the single most

sensitive measure of the effects of land use on streams. This

is due partly to the fact that relatively small amounts of

-sediment can cause a large change in turbidity, and partly to

estimated accuracy of turbidity measurements (ap-

¥ _ proximately+10%)(APHA, 1980; Brown, 1983). Although

the variation in turbidity with discharge gencrally is greater

& (han 10% (Brown, 1983), both the accuracy and variability

of turbidity measurements compare favorably with the other
sediment paramcters (suspended sediment and bedload) as
well as the channel characteristics {Chapter 5).

The disadvantages of wrbidity are twofold. First, the
relationship with suspended sediment must be determined
for each site, even though some studies have shown that
several sites with similar physical characteristics may have
jdentical relationships. Second, wrbidity is highly variable,

- Asinthecasc ol suspended sediment (Section 4. 1), nurbidity

varies according to the discharge: the occurrence of spo-
radic events such as debris Mows, landslides, or the break-
down of log jams; the timing of the sample relative © the
season of Lhe year; the lime since the 1ast runoff event; and the
timing within a storm hydrograph. The range and nonlincar
nature of these variations make it very difficult w establish
and enforce a narrowly defined wrbidity standard for storm
events, Narrow turbidity standards are mucheasier todevelop
and apply during low flow periods when background levels
are consistendly low (e.g., a comparison of turbidity levels
upstream and downstream of a bridge construction site).

Turbidity measurements are panticularly effective inthe
case of project monitoring (¢.g.. samples are ken upsream
and downstream of a particular management activity),

4.3  BepLoad

e TN
Definition

Bedload is the materia! uansported downstream by
slifjing. rolling, or bouncing along the channel botom
(Riucr, 1978). Typically particies >1.0mm in diameter are
transported as bedload, while particles <0.1 mm in diameter
e transported as suspended load. Particles between 0.1
8nd 1.0mm in diameter can be transported cither as suspended
load or as bedload dependinganthe local hydraulic conditions
(Everest et al., 1987). Thus cven at a single site a particle
M2y be transported as bedload or suspended load depending
n the discharge and other hydrulic factors.

Bed material kaad, 2 1erm often confused with bedload,
18 the transpan of panticles of a grain size normally found in

CHAPTER 4. SEDIMENT

the stream bed (Linsley et al., 1982). Thus a stream bed
comprised primarily of silt and clay particles will have most
of its bed material load transported as suspended sediment.
while the bed material load of a coarse-bedded stream {e.g.,
gravels and cobbles) will be transported almost entirely as
bedload.

Relation to Designated Uses

Bedload is an important component of the total sedi-
ment load of a strcam. The proportion of the sediment load
transporied as bedload varies considerably and cannot be
characterized by a simple refationshipto suspended sediment
load or to discharge (Williams, 1989b).

The amount and size of the bed material, in conjunction
with the discharge, slope, and geology, largely determine
the overall type and shape of the channel. Wide, shallow
channels are characteristic of streams transporting coarse
bedload in unconstrained altuvial valleys (Riuer, 1978). As
discussed in Scctions 5.1-5.2, streams with a high width-
depth ratio are more likely to experience high water (em-
peratures that may be detrimental to coldwater fisheries.
Swreams with coarse bedload 12nd o have a lower sinuosity
than streams that have fine particles as their bed material
(Section 5.6.1; Schumm, 1960). Streams with high volumes
of bedload and erodible banks often arc braided, and the
rapid changes in channel location characteristic of braided
sireams result in continuing high erosion and sediment
vansport rates. The unstable channels in braided reaches
provide relatively poor habitat for salmonids, and the large
amounts of sediment ransported downstream [rom braided
reaches can adverscly affect reservoir storage capacity and
other designated uses such as [isheries and imigation.

Large amounts of easily transported bedioad tend 10 fill
in pools and reduce the larger-scale features that are important
sourcesof fish habitat. Atvery high Nows, however, the pools
may be scoured (¢.g., Campbell and Sidle, 1983).

The type and amounlt of bedicad is very important in
determining the amount of microhabitat available for juvenile
fish and macroinvertebrates (Section 5.6.1). In general,
coarser material provides more habital space, whereas fine
sediments tend to fll up the interstitisl spaces between
larger particles. Finc sediment is usually defined as par-
ticles <0.83 mm in diameter, but some studies have used
valugs ofupto 6.4 mm (Everestetal, 1987). Thedeposition
of fing sediment reduces the habitat space for young fish and
aqualic macrojnvertchrates (Sections 5.6.1, 7.3, and 74;
Evcrest et al., 1987).

The deposition of these finer bedload materials (€.8..
sand-sized particics) also has been shown (0 adversely
affect gravel permeability and the suitability of the gravel
for spawning salmonids (c.g., Everest et al., 1987. Lisle,
1989). A lower permeability usually reduces the concentra-
tion of intergravel dissolved oxygen (Section 2.4), and this
can be dircety related 10 salmonid spawning success, and
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the number and diversity of aquatic invenebrates (Chapman
and Mcl.cod, 1987).

As suggested above, the deposition of bedload has an
adverse effect on reservoir capacily and can clog up irriga-
tion and shipping channels. Hundreds of millions of dollass
are spentinthe U.S. cach year toremove sediment deposited
bchind dams and in the lower reaches of rivers and estuaries.

Etfects of Management Activities

The effcct of forest management activilies on the avail-
ability and transpont of bedload has been shown 1o range
from severe {e.g.. Megahan ct al., 1980) o no significant
difference (Moring, 1975; Sheridanctal., 1984). Partofl the
observed variation in cffects is due to the type and intensity
of management. In southwest Oregon, for example,
clearcutting was found 10 approximately double the bedload
yicld as compared o a control walershed, while paich and
sclection cuts had no apparent ¢ffect (Adams and Suack,
1989). The range of crosion and sediment ransport pro-
cesses operating in the Pacific Nonhwest and Alaska is
another reason why widely different results should be cx-
pected from different studics, and why simple gencraliza-
tions cannot be made about the cffects of management
activities on bedload (Swanson ¢1 al,, 1987).

As noled in Scctions 4.1 and 4.2, forest harvest can
increase crosion rates by gencrating overland flow on com-
pacted arcas, increasing Lthe number of slope failures (e.g..
Ice, 1985; Megahan and Bohn, 1989), and increasing the
ratc of dry ravel and soil creep (c.g., Zicmer, 1984). Al-
1erations in the amount of large woody debris (LWD) in the
suream channels will alter the sediment storage capacity in
the stream channel {Section 5.7: Megahan, 1982). Removal
of LWD, or a reduccd rate of recruitment of LWD into the
strecam channel, can result in an apparcnt increase in sedi-
ment yield at the mouth of the basin (Megahan, 1982), even
though there may be no net change in the rate of sediment
delivered to the stream channel from upslope.

"Road construction and road maintenance can increase
the amount of bedload by creating arcas prone 1o surface
runofl {Reid and Dunne, 1984), aliering slope stabilities in
cutand fill areas (c.g., Megahan, 1978}, and altering drainage
pattems in ways that tend 1o increase the numberof landslides
and dcbris flows (¢.g., Megahan e al,, 1978; Megahan and
Bohn, 1989). Similarly, grazing can increase the amount of
overland (low and decrecase bank suability (Section 5.8;
Giflord, 1981). Sand and gravcl extraction within the
stream channel will alter the channel hydraulics and prob-
ably cause a short-term increase in bedload transport until
the stream re-¢stablishes a stable channel, Longer-term
cffeets of sand and gravel exwraction are difficult to predicr.

The maserial eroded or detached by these different hill-
slope crosional processes must then be delivered 10 the
stream channel and transported by the siream before it can
be measured as bedload. Ofizn significant amounts of

macrial can be stored in the channcl (Dictrich ctal,, 1982),
In sucams draining the Idaho batholith, for cxample, 15
times more scdiment was stored in e channel than wag
delivered out of the basin on an annual basis (Mcgahan,
1982). When evaluating the impactof management aclivijies
on bedload, one must also consider whether the materiaf i
composed of sili- and clay-sized particles, which probably
will be transported as suspended sediment, or coarser par.
ticles, which will be transported as bedload.

Extensive studics on the South Fork of the Salmon River
in Idaho have aucmpted to link the cffects of (orest man-
agcement and road building 10 an increase in bedload and the
quality of fish habitat. In this basin the combination of
managementactivitics, crodible soils, and severe storms has
resulted in extensive sedimentation. The large amounts of
bedload reduced pool depths and literally buried many of
the prime salmonid spawning and rearing areas with sand
(Megahan, 1980; Box 3, page 19). In other pans of the
Pacific Northwest, siudies have documented increased
amounts of finc sediment in the bed material in response to
forest harvest and road-building (Scction 5.6.1; Cederholm
ctal,, 1981; Serivencr, 1988). However, very few published
studics have avempted to monitor changes in bedload
tansport rates due o {orest management activities, and then
rclate these changes to Lhe designated uses of the water body:
being moniwred. The paucity of such studies has strong
implications with regard to the relative utility of monitoring
bedload transport rates.

Measurement Concepts

The measurement of bedload must be regarded as diffi-
cult. Sampling devices disturb the flow in the vicinity of the
samplcr, and this biases the sample (Guy and Nomnan,
1970; Emmeu, 1980). The most common bedload sam-
pling device, the Helley-Smith sampler, consists of a [fared
rectangular orifice with an attached mesh bag, The sampler
is placed on the stream bottom with the opening facing
upstream for a specified time, and the sediment caught in the
mesh bag is dricd and weighed 10 geta Lransport ralc in mass
per unit Wme per unit stream width (Helley and Smith,
1971). The most commonly used design hasa 76-mm (3.0-
inch) square opening and a mesh size for the sample bag of
about 0.25 mm. This has been reported 1o have a catch
clficicncy of about 1.0 for particies from 0.5-16 mm 18
diameter (Emmeu, 1980). Sampling of larger bedioad
particles requires a larger sampler, and the carch cfficiency
i5 less well known,

Bedload transport ratcs vary across the strcam CFoSs®
section,so representative samples should be taken at regular
intervals across the stream (Emmett, 1980). Numerous
studies, however, have shown that bedload movesin irregu-
lar sheets or waves (c.g., Beschta, 1981; Reid and Frostick.
1986), Thiscan be duc o migrating dunes or bedforms, 3%

to unpredictable events, such as the breakup of a suea®
____---"'
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INTRODUCTION

The parameters reviewed in this chapier relate o the
shape of the stream channel, the structural features within
the stream channel, and the stability of the stream banks.

‘These channel characieristics can be monitored on different

spatial scales and from different perspectives. For example,

" bed marerial particle size and embeddedness evaluate the

surface of the streambed on a scale of a few centimeters,
whereas a thalweg profile evaluates the topography of the
decpest part of the streambed on a scale of tens or hundreds

- of meters. Measurements of habitattype (e.g.. pools, riffics,

e.) were pionecred by fish biologists and are used 1o
cvaluate the quality of fish habitat, but these measurements
are functionally related 1o the parameters that might be used
by fluvial geomorphologists (c.g.. residual pool depth or
the number of debris dams caused by large woody debris).

Most of the characteristics of stream channels that
might be used for monitoring arc controlled by the same

. basic set of interacting factors, Among the most important

of these are the amount and size of sediment, the duration
and size of peak flows, slope of the valley botlom, valley
bottom width, stecpness of the sideslopes, and the local
geology. Some of these factors can be considered constant
fora given site, whilc the factors that do vary (discharge and
sediment) are relatively difficult to monitor (Chapiers 3 and
4). Stream channel characteristics may be advantageous for
Monitoring because their temporal variability is relatively
low, and direct links can be made between observed changes
and some key designated uses such as coldwater fisherics.

The importance of these controlling factors suggests

- that many of the channe! characteristics will have a similar

fesponse (o management activitics. Some of the parameters
\frhich are mos! closely related include channel cross-sec-
lions (Scction $.1) and channc! widih/width-depth ratio
(Scction 5.2); pool parameters (Section 5.3) and thalweg
Profile (Scction 5.4); and the three parameters relating to

——

5. CHANNEL CHARACTERISTICS

bed material (particle size, cmbeddedncss and surface vs.
subsurface bed material particle size; Section 5.5). In most

cascs il is not necessary o monitor cach of these closely -

related parameters, and the selection among these monitoring
parameters will depend upen the particular combination of
managemedql activities, designated uses, and site-specilic
conditions. General recommendations are difficult because
relatively few studics have used channel characteristics as
the primary parameters for moniloring management im-
pacts on streams.

The relatively low lemporal variability of channel char-
acieristics must be balanced against (1) the potentially large
spatial variability, and (2) the problem of scparating man-
induced changes from changes duc to natural events. Proper
statistical design can help alleviate both of these consider-
ations, and the much lower frequency of sampling will allow
more siles or more parameters o be measured, In many
cascs a combination of several channel parameters may be
the best approach 10 evaluate and understand observed
changes in the stream channel,

5.1  CuHanner CROSS-SECTION

Definition

A channel cross-seciion is a topographic profile of the
stream banks and strcam bed along a transect perpendicular
to thedirection of low. Cross-seclional data are obtained by
measwring distance and surface clevations along the desig-
naicd transect or cross-section. The endpoints of Lhe cross-
section arc arbitrary, but they should extend at least above
the estimated banklull stage and preferably beyond the
current NMoodplain, If change over Lime is 10 be monitored,
the elcvation data must be relaled (o a permancent bench-
mark.




Part il

Relation to Designated Uses

A decreass in channel depth and an increase in channel
width can have major adverse effects on the biological
community. A decrease in depth tendsto reduce the number
of pools (Beschia and Plaits, 1986), and this will reduce
certain types of {ish habitat. An increase in stream width
will lead 1o an increasc in net solar radiation and higher
summer water lemperatures (Beschta et al., 1987). The
combination of shallower pools and increased solar radia-
tion can greatly affect the suitability of the stream for
coldwater fisheries. An increase in stream width and an
increase in light penetration is likely to increase primary
preduction, although this may be partly offset by a reduced
input of organic debris into the aquatic ecosysiem from the
riparian zone (Gregory et al., 1987).

An increase in channel width is achieved through bank
crosion and acorresponding increase in sedimentinputs into
the stream channel. An increase in bank erosion is particn-
larly important because the sediment is delivered direcily
_ into the stream channel (Section 5.8). The adverse effects

of an increased sediment load were reviewed in Chapier 4,

An increase In the riparian canopy opening duc to an
increase in stream width can have a series of adverse
biclogical effeets, Such an increase is likely w reduce the
amount of riparian vegetation, and this will reduce the
ability of the riparian 20ne 10 capture nutricnts and sediment
(Section 6.2). The riparian zone is also a major sovrce for
large woody debris, an important clement in pool formation
and habitat diversity in most forested streams in the Pacific
Northwest and Alaska (Section 5.7).

Response to Management Activities

Forest harvest, road building, road maintenance, and
other management activities ofien increase the amount of
sediment delivered o the stream channel. Usually anincrease
in coarse sediment will lead to an accumulation of sediment
in the decper parts of the strecam channel. If the nunoff
remains unchanged, an unconstrained stream generally re-
sponds by increasing its width {(e.g., Lisle, 1982; Grant,
1988). Alihough the magnitude of this increase in width will
be affceted by the valley shape and the bank materials, Lisle
(1982) observed increases in width even in constrained,
non-alluvial materials, Thos changes in widih or the width-
depth ratio can be used as an indicator of a change in the
relative balance betwesan the sediment load and the sediment
Lransport capacity.

Grant {1988) noted that an increase in channel width
also could result from an increase in the size of peak Nows.
As shown in Section 3.1, increases in the size of peak Mows
due o forest harvest generally are small except in areas
subject o rain-on-snow cvents. This additional mechanism
for channe] widening docs not preclude the use of channcl
width as a manitoring technique, but it does suggest that

additional data are required 1o understand the cause ofany " 3
obscrved changes. Harvest of the riparian vegetation algy- -4
can decrease bank and channel stability and thereby injtiage -
acycle of bank crosion and channe! widening (Scction 6.2).:

Measurement Concepts

The determination of channel width and channel deph
is problematical because both parameters are flow-depen-.
dent. Depth tends to increase with flow more rapidly than -
width (Dunne and Leopold, 1978; Leopold and Maddock, -
1953), but this rclationship may not be constant at a given
cross-section. A stream with a wide, {lat floodplain, for -
example, will experience a sudden increase in width whan
the flow overtops the banks and spreads across the flood-
plain. Thus the monitoring of changes in width and depth
should be done at specified discharges and locations, A
geomorphically based discharge, such as active channel
width or bankfull width, is most commonly used but may be
rclatively subjective. The resulting uncertainty must be
taken into account when drawing inferences from the data

Cross-section location will affect the width-depth ratio
and, as noted in Scction 5.1, the sensitivity to change. For
example, stream width and width-depth ratios arc likely 10
differ across riffles, sharp bends, and pools. This variation
can be minimized by measuring widths and depths at a
consistentchannel form such as straight riffle reaches, using
average depth rather than maximum depth, or by using
average values obtained from several different cross-sec-
tions.

The sensitivity of stream width and width/depth ratios
to management impacts and natural events will vary with
stream type and Jocation. A bedrock stream in a sieep, V-
shaped valley will not alter its width in response Lo an
increase in sediment load as casily as a stream in a wide
valley with unconsolidated alluvial sediments, Channel
shape is also affecled by the relative proportions and abso-
lute amounts of bedload and suspended load (e.g.. Schumm,
1960). Streams with cohesive materials tend to have nar-
row, deep channels, while strcams in a sandy or other non-
cohesive substrate tend Lo be wide and shallow.

Standards

No standards have been set or proposed for changes in
stream width or width-depth ratios, :

Current Uses

Although a considerable amount of cross-scction qﬂﬂ
can be obtained from gaging stations, strecam inventones.
and other studies, channcl width has not been cxtensively
uscd as a monitoring technique. Powell (1988) documented
the increase in stream width that occurred in both the careful
and the intense logging treatments on Camation Creck 10

R
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g coastal British Columbia. Channel width and depth data

:  also have been collected in conjunction with the intensive,

¥ long-term monitoring efforton the South Fork of the Salmon
¢ River (Box 3, page 19; Torquemadza and Plaus, 1987).

Present cfforts by agencies such as the U.S. Forest

" Servics toinventory fish habitat and stream channel condition
. should generate a large amount of stream width and width-
"depth data. Tt remains 1o be seen how well these particular

parame!crs can define stream condition and monitor man-
agement impacts.

Assessment

On-the-ground measurements of channel widths and
width-depth ratios have the potential of being relatively
sensitive indicators of changes in the size of peak flows and
sediment yields. Channe! width and width-depth ratio can

- be related (o the value of streams for [ish and recreation,

Defining channel width and depth in the field is not a
trivial problem. For thisreason it is best to monitor channel
width at a series of cross-sections. Use of geomorphic
indicators such as bankfull width or active channel width

. must be done with great care, as these tend 1o be subjective

and a major runofT event can alter the channel cross-section
and make identification of bank{ull features questionable.
Determining width and depth at a standard discharge may be
logistically difficult unless it is done al an existing gaging
station, The problem wilh using gaging stations as monitor-
ing locationsis that they usually are placed at geomorphically
siable locations and arc relatively insensilive to management-
related changes in channel form.

Measuring channcl width or width/depth ratios also
suffers fram the same basic limitation as any other instream
measure—namely, that it does not provide any information
on the cause of an pbserved change. Hence monioring data
must be combined with information on management ac-
tivities, storm events, and sediment sources {e.g., roads,
debris flows, landslides, or abreakdown of debris dams). As
noted carlier, one also has 1o put the changes observed [rom
arclatively shon-lerm monitoring projectinto the context of
larger changes such as extreme floods or major sediment
inputs. Only with this additional information can the effects
of forest management begin to be deciphered.

Finally, the magnitude and rate of change in channel
width and width-depth ratio will depend on faciors such as
the slope of the stream, the shape of the valiey botiom, the

" bank and bed materials, and the recent Nood history, Al-

though this may make it difficult 1o cstablish specific
standards, it should not mask general irends. These consid-
erationsalse indicate that long-term measurcments at various
locations within the watershed are nceded for adequate
Monitoring.

CHAPTER 5. CHANNEL CHARACTERISTCS

5.3  PooL PAraMmeTERS

Definition
Pools can be defined as sections of the stream channel

that have a concave profile along the longitudinal axis of the ’

siream, or as areas of the stream channel that would contain
water even if there were no flow. This means that the
maximum depth of pools is dezper than the average thalweg
depth, and water velocities atlow flows often are lower than
the average velocity. Pools are an important component of

the aquatic habitat, and they can be classified and measured

in several different ways.,

Paols usually are classified by Ihe process Lhat crealed
the pool {e.g., undercut bank, debris dam, beaver dam,
plunge pool, etc.). This classification is usefvl for evaluat-

-ing the abundance and Lype of fish habitat (Bisson e1 al.,

1982), although the various categories of pools and other
habitat types have not been standardized (Section 5.5
Platts, 1983). Nevertheless, the numberand type of poolsin
a particular reach could be enumerated, and changes over
time could be monitored.

More commaonly the depth, residual depth, volume, or
area of pools are measured, and these measurements can be
used as moniloring parametcrs. Pool depth can be either
average depth or maximum depth. Residual pool depth
refers 10 the depth of the pool below the downstream lip of
the pool (i.e., the depth of the water which would be rapped
in the pool if therc was no discharge) (Lisle, 1987). Pool
area refers to the total surface area of the pool. Both pool
depth and pool arca will vary with discharge, whereas
residual pool depth is not discharge-dependent.

Relation to Designated Uses

Pools arc an important morphological feature in stream
channels and an essenlial type of fish habitat. In general;a
variety of pool types are needed to provide the range of
habitat necded by different specics and age classes of fish.
Slow-moving dammed or backwater pools may be neces-
sary for salmonid survival under harsh winter conditions.
Deep undercut pools may provide protection from high
temperatures. Young fish may require shallow, low-quality
pools to avoid predation. Partcularly in smaller streams,
pools provide the majority of the summer rearing habitat
(Beschta and Plaits, 1986). Pools also may be important
sites for recreational activities such as fishing and swim-

ming.

Response to Management Activities
Those pools charxclerized by low flow velocities (e.g.,

backwatcr or dammed pools) are particularly susccpubleto

infilling with sediment. Hence the depih, area, or volume of
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these pools can serve as a relatively sensitive indicator of
changes in the coarse sediment Joad duc to forest harvest,
road building and maintenance, mining, or other manage-
ment activitics. On the South Fork of the Salmon River
logging and road maintenance caused an infiux of sand-
sized material that filled in many of the prime salmonid
spawning and rearing arcas (Megahan et al,, 1980).

Changes in pool area, pool volume, or residual pool
depth also can be caused by changes in the features that
create pools. Thus a reduction in the input of large woody
debris may Jead 10 a reduction in the number and size of
pools (Section 5.7). Similarly, a change in the size or
frequency of peak flows will alter the ability of the stream
10 transport coarse scdiment, and this may alter pool mea-
surements,

The total area, depth, or frequency of pools may not
always be a reliable indicator of adversec management cf-
fects, Streams immediately downstream of active glaciers,
for example, usually are braided and have little or no pool
areas. Landslides, debris flows, and other mass movements
typically result in 2 loss of pool arca and volume, and these
pulsed inputs of sediment may or may not be triggered by
management activities (Swanson ct al,, 1987).

Measurement Concepts

Pool depth, pool arca, and pool volume are alf direct
physical mcasurcments, and they arc relatively simple to
make in small soeams, Recent publications have encour-
aged the use of visually estimating the width, depth, or arca
of pools within a stream reach, and then adjusting these
visual estimates for any systematic bias by measuring a
certain percentage of the pools (Hankin and Reeves, 1988).
Inlarger streams with deeperpoots, dircct measurementsare
considerably more difficult  Also, a series of conceptual
problems in making pool rmeasurements must beconsidered
before embarking on a classification or monitoring program.

First, it may be difficult to determine exactly what
constitutes a pool. Large, still pools are easy to classify, but
the change from pools to runs or glides is one point on a
continuum. Platts etal, (1983) found a consistent observer
bias when measuring pool arcas along stream cross-sections.,
This consistent bias resulied in a relatively namow 95%
confidence interval for the data (£10%), but poor year-to-
year accuracy and precision.

A sccond problem associated with pool measurements
is that pool deptih, pool arca, and pool volume are all flow-
dependent. An increase in stage will increase the value of
these parameters. Although this may not be a problem in
streams with a consisicnt summer baseflow, it does mean
that stage or water depth must be recorded and tken into
account when analyzing the data, The advantage of residual
pool depth is that it is independent of discharge (Lisle,
1987).

Similarly, the classification of pools and other habiiy
types is stage-dependent, but this fact is often ignored
(Section 5.5). At higher flows a pool may become a run, or
a pocket water may become a riffle. Hence any summary
statistics on pool-riffle ratios or the frequency of pool types
also must consider the discharge at the time the data were
collected For this reason comparisons between surveys
must be done with extreme caution,

Standards

Na standards for any pool parameters have been estab-
lished or proposed. .

Qurrent Uses

.- Mostsurveys of [ish habitat or stream channe! condition
have utilized some measure of pool area, length, depth, or
volume, Many of these surveys also identify the primary
cause of cach pool. These data are then used W generate
summary statistics on the pool-riffle ratio, pool arca, or pool

*volume per unit length of stream channel. The cxpactation

is that subsequent surveys should be able to determine
whether substantial shifts have occurred in these values.
Alicratively, one could monitor changes in individual
pools, but this approach assumes that the pool-forming
structure is constant in time. Studics of woody debris in
streams indicate that the larger pieces are relatively stable
(Sedell et al., 1988), but it would be prudent 1o monitor at
least several pools of as many different types as possible.

Pool parameters probably are most useful in afluvial -

channels. Studies of stream channel deveiopment follow-
ing the Mount St Helens cruption indicate that in many
reachesa riffic-pool geometry developed afier only acouple
of years (Meyer and Martinson, 1989). This suggesls that
pools could be used for monitoring even under relatively
high sediment loads. Pool paramneters are unlikely 10 be
useful in bedrock channels that are regularly scoured by
high flows.

Assessment

In many streams, pool parameters have considerable
potential for monitoring. Decreases in pool depth or poo
volume may be relatively sensitive indicators of logging-
induced changes in the coarse sediment load or the size of
peak flows. Since pool parameters have not been exien-
sively monitored in the past, there is little documentation 10
guide the selection of a particular parameter. Residual pool
depth docs have the advantage of being independent of
discharge. Residual pool depth also may be the most
sensitive pool parameter, as an increase in coarse sediment
is likely to first affect pool depth. Monitoring pool param-

cters will be most useful inlow or moderate gradientsweams - A3

in alluvial valleys (Everest et al., 1987).
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that include subsets of the major habitat types (rifflcs and
pools) because this more detailed classification system may
provide more insight into the suitability of the stream for
different fish species.

As noted earlicr, habitat composition varies with dis-
charge, and this must be considered when undertaking
stream surveys. Observers should be given similar training
in order o ensure consistency, Repetitive surveys should be
conducted by the same people wherever possiblein order to
climinate any bias between surveyors. If specific habitat
units are being monitored, particular care must be given to
defining the boundaries between adjacent habitat units, as
demarcation crrors will reduce the accuracy of the proce-
dures and hence the ability to delect change (Platts et al.,
1983).

Al this point there arc little or no data to indicate
whether it is best to monitor individua! habitat units or 10
utilize summary statistics for a stream reach, Some re-
scarchers posit that changes in the sequence of habitat units
may be one of the most seasitive and revealing monitoring
tcchniques that can be derived from habitat unit surveys.

Standards

Currently there are no regulations or standards for habitat
composition. In some National Forests pool-nflle ratios are
being monitored, and a decling in this ratio is considered an
adverse management effect Often a pool-riffle ratio of 1:1
is considered optimal, but the Iimited literature suggests that
this is highly variable among streams and fish species, and
should not be utilized as a standand (Plaits et al., 1983).

Current Uses

An inventory of habitat units usually is conducted 10
assess the suitability of the stream for fishery resources.
Unfortunately, “ideal” conditions are difficult to define and
arc fikely to vary widely according to the fish species of
interest, the flow regime, and olher environmental factors.
Hence we may be able to identify stream reaches that have
clcarly been impacted by land management activities and
offer poor quality habitat for salmonids, but it may not be
passible 1o clearly rank streams classified as “acceptable.”
Thus one benelit of conducting habitat surveys will be a
betler understanding of the cxisting variability of habitat
unitsamong streams. To the extent that fish census data are
available, and other factors such as fishing pressure can be
accounted for, it should be possible to better define “ideal”
habitat conditions.

Use of habitat units for monitoring environmental change
hasnot been extensively tested because of the paucity of long-
ierm data. Extensive stream surveys that estimate or measure
cach habitat unit only recently have been inigated in Wash-
inglon, Orcgon, and 1daho by agencies such as the U.S.
Forest Service. Much of the data have not yet been analyzed,

but the resalts are expected to document a large amount of
variabifity in undisturbed streams. Subsequent surveys will
be needed 10 determine what level of change isacceptable and
how todistinguish changes due to land management activitics
from changes duc to natural causes. A few repeat surveys
have at least indicated that survey data are consistent (S,
Ralph, Univ, of Washington; D, Bates, Gifford Pinchot Nad,
Forest: and G. Luchetti, King County, WA, pers. comm.).

Assessment

Habitat unit surveys provide a uscful, quantitative char-
acterization of stream channels. At this point, however, our
abilily to classify and measure habitat units probably exceeds
our capability to interpret the results. This should change as
comparative datz becomeg available and the results of indi-
vidual surveys are linked to land management activitics. As
with other geomorphic paramelters, it may prove difficult to
scparate land use cffects from the effects of natural events,

Habitar unit surveys may be relatively insensitive (o
land use practices. A small amount of sediment, for ex-
ample, might significandy alter the bed material (Section
5.6) or residual pool depth (Section 5.3), but might not alter
the size of, or ratios among, different habitat units, We
should expect that differcnt habitat units will exhibit difler-
encesboth in their sensitivity tochange, andin their recovery
rate once change does occur, More experience is needed 1o
determine if itisbetter, forexample, to direetly monitor pool
parameters (Scction 5.3) or large woody debris (Section 5.7}
rather than habitat units. In vicw of this uncertainty, current
¢lforts to conduct large-scale habitat unit surveys must be
viewed with some concern.

In summary, habitat unit surveys are important to im-

prove our knowledge of the relationship between aquatic -

life, fish production, and stream channel morphology. By
then linking habitat data to 1and use activitics and climatic
evenls, we can beuer define optimal conditions and suscep-
tibility to change. At present, however, we da not have the
experience or data to fully assess the potential of habitat unit
surveys as a monitoring technique.

56  Bep MareriaL

5.6.1 ParTicLE-SIZE DISTRIBUTION

Definition

The composition of the materia! along the stream bed is
a very important feature of stream channels, The most com-
mon method to characterize the bed material is to classify it

by particle size. By tking a sufﬁcncndy large sample, onG . 4

can construct a plot of particle size versus frequency in
percent,
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Different poisits in the particle-size distribution are used
1o provide a simple characterization of the bed material,
Common variablesinclude themedian particle size (dsg) and
dgq. Which is the particle diameter equal to or larger than

_84% of the particles (clasts) on the channel bottom. The dy,

and d;¢ are used 10 describe the variability of the particie-

. size distribution around the mean because they are each one

standard deviation away from the mean when the data are
transformed onto a logarithmic scale. |

Another approach to evaluating the bed material is
simply to estimate or measure the percent of the bed surface
covered by fine particles. The size limit for fine particles
will vary by location and purpose ol the monitoring, but
usually ranges between 2 and 8 mm in diameter. This
approach implicitly assumes that fine sediment is of pri-
mary concern, and it is not necessary 'to determine the size
distribution of the coarser bed materials,

Chapman and McLead (1987) conclude that the fredle
index shows some promise as a measure of gravel suitability
for salmonid spawning in the Northern Rockies, The fredle
index is defined as d,/s;, where d; is the geometric mean
particle size, and s, is the geometric standard deviation
(Lotspeich and Everest, 1981).

Relation to Designated Uses

The particle size of the bed material directly affects the
flow resistance in the channel, the stability of the bed, and
the amount of aquatic habitat (Beschta and Platis, 1986).
Becausc the [low resistance is one part of the overal) energy
loss in streams, the mean particle size can be related to the
other factors that control energy loss in streams such as the
stream gradient (Hack, 1957) and the sinuosity.

Although a dircet relationship exists between the size of
the bed material and the stability of the bed, other factors such
as the slope, depth, local turbulence, and bank characteristics
will affect whether a particular particle will be moved. The
frequency of bedload wransport is of critical importance for
fish spawning and the other organisms utilizing the stream
bouom for cover, foraging, or as a substrate,

The size of the bed material also controls the amount and
type of habitat for small fish and invencbrates. If the bed is
composed solely of finc materials, the spaces between par-
ticles arc too small for many organisms, Coarser materials
provide a varicty of small niches important for small fish—
especially juvenile salmonids—and benthic invencbraws.
Coarser materials also have more inter{low through the bed,
clfeclively expanding the suitable habitat for benthic inverte-
brates and other organisms down into Lhe stream bed, and
facilitaing salmonid reproduction. Plats et al. (1979) found
aclose relatonship belween geometric mean panticle size and
pravel permeability. Hence a decrease in the median particle
size of bed material will decrease the permeability of the bed
material, and this will tend to decrease intergravel dissolved
oxygen (DO) concentrations. Even a small decline in inter-
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‘ gravel DO can severely affect the survival of salmonid eggs,

alevins, and invertebrates (Section 2.4).

Effects of Management Activities

One of the most common and probably the most damag-
ing effect of forest management activities is to decrease the
median bed materiat particle size. Forestharvest, road building
andmaintenance, and placer mining all tendtoincrease erosion
and sediment delivery rates (Swanson et al,, 1987). Most of
the material reaching the stream channel as a result of human
activities will be sand-sized or smaller. The deposition of this
material in the stream channel then has a series of adverse
effects (Chapter 4; Everest et al,, 1987),

There is some evidence that an increased dcpos:uon of
fine materials may be partially self-perpetuating. In some
cases the onset of bedioad transport is delayed when the
interstitial spaces are filled with fine scdiment (Reid et al.,
1985). A reduced frequency of bedload transport then
provides more opportunity for the deposition of fin¢ par-
ticies and fewer opportunities for fines to be washed out
during high flows (Beschta and Jackson, 1979).

Measurement Concepls

The characterization of bed material has been the subject
of considerable study. Pebble counts are used w develop a
particle size diszibution for the bed surface material, while
bulk samplers are vsed o determine the panicle size distri-
bution in the surface or subsurface. The selection of a
measurement lechnique depends on the time and equipment
available, as well as on the objectives of the sampling.

Pebble counts are a systematic method of sampling the
material on Lhe surface of the stream bed (Wolman, 1954).
Typically a grid or transect is established, and the sizes of
100 or more particles are tabulated to establish a frequency
distribution. Since each sampled particle rcpresents a
portion of the bed surface, the frequency distribution repre-
sents the percent of the stream bed covered by particles of 2
cerain size, and not the percent by volume or weight
Particles smaller than 2-4 mm are difficult to measure in the
ficld and may be classified only as fines (Wolman, 1954).
Other studies estimate the size of fine particles by feel or
comparison o reference samples. Pebble counts are simple
and rapid, but there may be some bias against selecling very
small or very large particles.

A second approach to determining the particle-size
distribution of the bed matcrial is by obtaining and sicving
bulk samples. A McNeil eampler is the most common means
to obtain a bulk sample. The McNeil sampler is a metal,
twbe-shaped device that is driven into the streambed (o the
desired sampling depth. Coarse material within the sample
tubc is extracted by hand. By capping the tube when
extracting the corer most of the {ine sediments are retained
{McNcil and Ahnell, 1964; Plauts ct al., 1983). The other

118

e




Part I

major technique to oblain a bulk sampleis to {recze a sample
of the bed material using liquid CO; or liquid nirogen. The
frozen sample is then thawed and sicved in order 10 oblain
the pnrucleszzc distribution. One major advanl.ngc of frozen
corcs is that they retain the vertical structure in the sample,
thereby permitting comparisons between parucle -size dis-
tibutions at different depths (Section 5.6.3). Plam etal
(1983) discuss both these techniques in detail and conclude
that (1) neither the McNeil sampler nor- the Freeze core
technique is adequate when substrate particles larger than
about 25 cm are present, and (2) neither takes a completcly
representative sample.

One difficulty with evaluating the extensive literature
on bed material particle size is the variaton in the systcms
used toclassify particle sizes. Someinvestigators have used
many size classes, while others have used as few as six size
classes (Platis ct al., 1983; Chapman and McLeod, 1987).
Each size class can be associated with a specific term (c.g.,
sand, gravel, cobbies, boulders), but these terms are not
necessarily consistent (Plaus et al., 1983). The mostcom-
mon classification system in the U.S. is prescnied in Table
9. A classification commonly used in the scientific litera-
ture is the phi index, where phi = -logz d, with d being the
particle diameter in mm, Usc of the phi index normalizes the
particle-size distributions so they can be analyzed uwsing
parametric statistics and plotied directly oa arithmetic graph
paper (Wolman, 1954),

The sclection of the sampling lechnique should be
determined by the objectives of the sampling. Characteriza-
tion of the bed malterial can be done most easily by using
Wolman pebble counts or by measuring the percent of the
bed surface covered by fines, McNeil core samples and
freeze cores both are useful in assessing the suitability of the
substrate as spawning gravel, Freeze cores can be used to
determine the variation in the particle-size distribution with
depth, Comparisons between the surface and subsurface
samples may indicatea change in the sedimentload (Dietrich
¢t al., 1989; Scction 5.6.3).

Standards

" Currenily there are no existing or proposed standards
for bed material panticle size. The state of Idaho has been
considering the use of percent of fines on the bed surface as
acriterion, but this was rejected because the percent of fines
on the bed surface could not be direcuy linked 1o specific
designated uses of water (Harvey, 1988).

Current Uses

Bed material particle size has been used extensively in
rescarch, stream classification, stream inventorics, and stream
monitoring. Some monitoring projects have successfully
used visus] estimates or photographic comparisons to esti-
mate particle size or percent fines {e.g., Megahan et al.,

Table 9. Classification of bed material by particle size (adapted
from Platts et al. 1983). -

_ Size range
Millimeters Inches [}

Class name

Very large boulders  4,096-2,048 16-80 -12-(-11)

Large boulders 2,048-1,024 B80-40 -11-(-10)
Madium boulders 1,024 - 512 40-20 -10-(-9)
Small boulders 512 - 256 20-10 -9-(-8)
Large cobbles 256 - 128 10-5 -8-(-7}
Small cobblas 128-64 5.25 -7-(-6)
Vary coarse gravel - 64-32 25-13 -6-(-5)
Coarsa gravel 32-186 13-06 -5-(-4)
Medium gravel 16-8 06-03 -4-{3)
Fina gravel B-4 03-0.16 -3-(-2)
Vary fine gravel 4-2 0.16- 2 - (-1}
0.08
Very coarse sand 20-1.0 0.08 - -1 - (0}
' 0.04
Coarse sand 1.0-05 0.04 - 0-1
0.02
Medium sand 0.50 - 0.25 0.02 - 1-2
0.0%
Fine sand 0.250 - 0.01 - 2-3
0.125 0.0C5
Very fine sand 0,125 - 0.005 - 3-4
0.062 0.0025
Coarse silt 0.062 - 0.031 - 4-5
Medium silt 0.031 - 0.016 - 5-8
Fina silt 0.016 - 0.008 - 6-7
Vary fine silt 0.008 - 0.004 - 7-8
Coarsae clay 0.004 - 0.0020 . 8-9
Medium clay 0.0020 - 0.0010 - 9-10
Fina clay 0.0010 - 0.0005 . 10- 11
Vary fine clay 0.0005 - 0.00024 - 11-12
*phi.

1980). Generally visual techniques are less sensitive and
less reliable than the more systematic and quantitative
sampling methods (Chapman and McLeod, 1987).

Both pebble counts and McNeil core samples have been
used extensively by the U.S. Forest Service to inventory and
monitor stream condition, but the resulting data remain
largely unpublished. Long-term studics on the cffective-
ness of bed material particle size as a monitoring technique
are surprisingly scarce, although a number of studies have
investigated the effect of logging on bed material paricle
size with varying results (e.g.. Platts and Megahan, 1975;
Mcgahan et al,, 1980; Sheridan et al., 1984; Scrivener,
1988). Probably much of this variation in results is duc 10
the different geologies and siream characteristics. Bed
material particle size is probably less appropriate as @
monitoring technigue in areas where clays and silts pre-
dominate, or in very sicep gradient streams.
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Assessment |

Bed material particle size may have considerable prom-
ise for monitoring purposes as it appears 10 be relatively
sensitive 1o changing sediment loads (¢.g., Megahan et al.,
1980; Platts et al,, 1989). Additional effort is needed to
more precisely define the parameter(s) to be monitored, to
strengthen the link between bed surface particle size and
various designated uses, and to determine the environments
in which a bed material parameter is most useful.

The selection of a bed material monitoring parameter
should consider whether 2 complete panicle size distribu-
tion is needed, or whether a single number, such as the dsg or
percent fines, will suffice, Chapman and McLeaod (1987)
suggest that geometric mean particle size and percent of the

" bed surface covered by fincs should both be used 1o define

habitat quality.

Sampling locations also need to be clearly defined. An
ideal sampling location has a high sensitvity to manage-
ment impacts and minimal response to natural events, Since
these two eriteria are likely to be in conflict, detailed studies
are needed to determinc the most appropriate sampling
location(s) within a stream channel. Some studics suggest
that percent fines should be evaluated within the egg pock-
cts of salmonid fishes, as these have the lowest varinbility
and the most dircct link to a designated use (spawning
success of coldwater [ishes) (Chapman and McLeod, 1987).

Chapman and McLeod (1987) reviewed the linkages
between bed material particle size and quality of fish habi-
. Large amounts of fine sediment clearly are detrimental
1o salmonid reproduction and rearing, but quantitative rela-
tionships at Jower levels of fine sediment are more difTicult
to establish (Everest et al., 1987). These quantitative rela-
Uonsh:psalsoa:chkclytovarymongecorcg;ons Suggcsung
a need for varying standards or criteria,

In some areas, bed material particle size may notbe a
usclul monitworing paremeter.  Sicep headwater streams,
streams with 3 clay substrate, and low-gradicnt rivers all
may exhibil liule change in their bed material panticle-size
distribution despite a changing scdiment load.

The timing of sampling also may affect the results, Al
high {lows the finer panicles iend to be Nushed or washed

. fromacoarse-bedded stream, Hence sampling immediately

after a high flow may indicate a coarser streambed surface
than sampling after a relatively quicscent period (Adams
and Beschua, 1980).

These constraints in using bed material particle size for
monitoring may be alleviated by combining particle size
data with other channel parameters. Monitoring of bed
material panicle size, for cxample, might be done on selected
cross-seclions or in sclected pools and riMes within a
thalweg profile. This would permit changes in bed material
1o be more directly finked o deposition or scour, as well as
to changes in the quality and amount of fish habitat. Moni-
toring bed malerial particle size within cross-scctions or a

CHAPTER 5. CHANNEL CHARACTERISTICS

thalweg profile also simplifies the problem of identifying
sampling sites. In general, a combination of techniques will

facilitate cross-verification and our understanding of stream’

response to management activities,

5.6.2 EMBEDDEDNESS

Definition

In streams with a large amount of fine sediment, the
coarser particles tend to become surrounded or partially
buried by the fine sediment, As shown in Figure 8A,
embeddedness quantitatively measures the extent to which
larger particles are embedded or buried by fine scdiment,
The measure was first used to quantify stream sedimenta-
tion in the 1970s and carly 1980s (Klamt, 1976; Kelly and
Deuman, 1980). Since then the method has undergone 2
scries of modifications and has been used as an indicator of
the quality of over-wintering juvenile salmonid habitat
(Munther and Frank, 1986; Bums and Edwards, 1987;
Torquemadaand Platts, 1988; Potyondy, 1988). The method
and its application continue o be improved and standard-
ized by rescarchers in Idaho {Skille and King, 1989) and
Montana (Kramer, 1989).

Currendy variation exists in the suggested minimum
and maximum size of rocks 1o be measured and in the specific
feature being measured. Most researchers define the tech-
nique as cobble embeddedncss, even though measurements
typically are made on all rocks with a pnimary axis between
4.5 cm (very coarse gravel) and 30 cm (small boulders).
Torquemada and Plais (1988) modified the method
measure rocks as small as 1.0 em, and the inclusion of these
smaller particles led them 10 use the term cmbeddedness
rather than cobble embeddedness.

The difficulty in measuring cobble embeddedness and
the high variability of individual measurements have stimu-
lated rescarch into a series of related measurements. Onc
altemative is to measure the height of the rocks above the
bed surface, and this is termed “tota! free space™ (Fig. 8B).
Conceplually this is similar 10 bed roughness, and it is an
indicator of the arca protected [rom the current. Such arcas
are important fish rearing and macroinveriebrale habitat.
This measurcment also has been 1ermed “living space™ by

/Sklllc and King (1989) and “intcrsuitial space”™ by Kramer
(1989).

To reduce the variability associated with measurements
from individual particles, Kramer (1989) suggested that the
total free space from all particles within a specified sample
area (typically 260-cm diametercircle) be summed and then
divided by the arca sampled. This was termed the “intersu-
lial space index™ (IS1), where

" ISt = Z D¢ /Area.

—

121

" e

[ TR

PR A



ATMAcHmsnl ® §

Bn2 Ba- Bew Bne Ses Naw Sne fGna Ses Bee fee Hwu Day
g <ge dde Sgg 240 U3F D43 SER ORY 233 333 33d G

LC I N E A N T R FIF E R R
©®O 00000 OOGO 6

Llearcut Ares
af wsturshed ares)
b abeva beskpromml)

Spring Pank Flinp

n e Hae M = s
B2e Buw Zoa Bay  nw Hne Jow Gwe fne fne Zee Goe Sen
R - ; B2z Z8% H=e Bme fnn Zae Ben Saa
or eise des —g= e cge Lo Saw T AT e dde Sme

I8: 3d: B2 Bd: Rde Bdv 08 de Bis A0 Bde 340 B
0O EE 6 6

a
-] Nais On besw Bigh Fascar
BCA Dqulvaleac

Legand

e Cumulaties Effqcls Analysis Boundary
Are—— Subdranage Boundary

Bubdrainaga Numbmsr
Noith Fork Cosur <'Algne River

Aitils Armor Stabity Index (RASI) Valuas
on 1ha Norh Fk, Coawr o' Aleng River
Bkookumn Planning Ares

A\

.
DO\

<+

Figure Iil-4. Cumulative Effects Analysis Ares, Water.




IDAHO PANHANDLE NATIONAL FORESTS
MONITORING PROJECT SUMMARY SHEET

Type of Monitoring: Effectiveness (Beneficial Usés)

District: Forest-Wide

Project Name: Validation of Fish Habitat Trends

She Location: Spokane River Basin above Post Falls

Objectives: Establish baseline fish habitat type occurance, fr'equency.and distribu-

tion in entered and unentered watersheds. .

Parameters: Habitat type, length, \'uidth. residua! pool depth, residual pool volume,
Riffle Armor Stability Index (RASI), substrate, pool complexity, and
stream temperature.

Summary of Results

With the exception of Loop Creek and Indian Creek all tributaries’in the St. Joe Drainage, on Forest
Service managed lands abave Calder, were habitat typed. Additional tributary streams in the Coeur
d'Alene, Pack River, Priest River and Moyie River drainages were also typed. Eight streams in the
upper St. Joe Drainage were determined to be unentered and data from them were combined and
stratified by stream order and channel type to provide a basls for evaluating any changes in habitat
quality or quanity between entered watersheds relative to habitat parameters. :

An evaluation of data collected from unentered and entered watersheds in the St. Joe Watershed
suggest the following changes in fish habitat have occured. In "A” channels of unentered watersheds
fish habitat is dominated by pocket water (55%) and riffles (32%). Entered watersheds show a
significant reduction in pocket water (9%) with an increase in riffle habitat (52%) and braided habitat
(11%) in *A* type channels (Figure 1). Residual pool volumes and depths of pools in first crder “A®
channels of entered watersheds had been reduced by 7% and 23% respectively (Figures 2,3).In
second order *A* channels of entered watersheds residual volumes and depths of pools had been
reduced by 22% and 27% respectively relative to unentered watersheds (Figures 4,5).

in *B* channels major reductions of pool habitat both in terms of pools by percent length of stream
and residual depth and volume were observed in entered watersheds relative to unentered water-
sheds. In entered watersheds, second order *B" channel lineal pool habitat was reduced in length
by 42% (Flgure 6). Residual pool volume and depth were reduced by 51% and 17% respectively
{Figures 7,8},

Physical fish habitat data from entered watersheds In the Coeur g'Alene Baslin was evaluated by
comparing it to physical fish habitat data from unentered watersheds in the St. Joe Drainage because
data from unentered watersheds in the Coeur d’Alene are not available. Residual pool depth and
volume .of poals in first order *A” type channels of entered watersheds showed a 28% and 19% loss
relative to pools in *A” type channels of unentered watersheds (Figure 8, 10). Coeur d'Alene "B" type
channels, in entered watersheds, showed a complete loss of pocket water and a 50% Joss of lineal
Poot habitat (Figure 11). Residual pool depth and.volume in pools found in *B* channels of entered
watersheds in the Couer d'Alene basin showed a 30% and 67% loss respectively relative to pools in
"B® channels of unentered watersheds In the St Joe Drainage (Figures 12,13).
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To address the Implications of these data it is important to digress for a moment and review the habitat
requirements and ecology of salmonids and the cutthroat and bull trout in particular. Habitat require-
ments of cutthroat trout and bull trout vary by age and season of the year (Baltz et al 1991; Maore
and Gregory 1989; Rieman and Apperson 1989; Campbell and Neuner 1985). Young-of-the-year fish
initially seek straam margins with heterogeneous habitat structure; where this habitat is not prasent
or lost, juvenile trout populations are virtuaily efiminated (Moore and Gregory 1989). Dolloff and
Reeves (1990) reported the young Dolly Varden (Salvelinus malma) most frequently used woaody
debris as cover. As fish grow larger and mature they seek out deep water habitat types such as poois
and deep runs (Baltz et al 1991; Hickman and Raleigh 1982). During winter cutthroat trout typically
seek deeper water associated with large woody debris and may spend more than 75% of their lite
history associated with pools (Moore and Gregory 1989).

There is strong evidence that shifts away from channel equilibrium can result in negative changes
in the structure and function of stream ecosystems (Bilby and Likens 1980; Schlosser 1982) and
reduce their dependent fish populations. Bisson and Sedell (1982) reported that where stream
channels had become destabiiized riffles elongated and in many cases extended through former pool
locations resulting in loss of pool volume and large stable debris for cover, They suggested that
declines in older fish may have resulted due to their dependency upon deeper water habitats.

The function of headwater streams and theirimportance to downstream supported fisheries has been
reviewed by Bilby and Likens (1980) and Schlosser (1982). Their work suggests that organic debris
dams are aimportant component of small stream ecosystems and that their loss results in considera-
ble seasonal and annual variation in the trophic structure and total biomass of aquatic ecosystems.
By maintaining lateral and instream habitat complexity in assaciation with channel stability we can
best provide for the persistence of viable populations of these sensitive species over time (Karr and
Freemark 1983; Karr and Dudly 1981; Gorman and Karr 1978).

The data coliected to date suggest major changes in physical fish habitat have occurred in water-
sheds which have been entered for the purposes of timber harvest since the establishment of the
National Forests, and suppont observations by Sedell and Everest (1990) of a long term decline in
fish habitat quality throughout the Pacific Northwest. The unentered watersheds of the upper St. Joe
were burned in the 1910 fire but are today stable and providing excellent fish habitat suggesting that
the 1910 fire in and of itself is not the responsible for fish habitat conditions in Forest streams. Timber
harvest and associated road construction appear to be the dominate land disturbing activities to
which the observed shifts of habitat types and loss of pool volume and and depth can be attributed.
The results of these data suggest that watershed restoration activities may have to take priority over
harvest activities in watersheds where channe! stability is the over-riding consideration relative to
restoring the physical and biological integrety of the aquatic ecosystem and that changes in harvest
techniques and road density and location may need to be incorporated into all future sales to
maintain or improve channel stability and fish habitat,

Prepared by: Dave Cross, Forest Fisheries Program Manager

Date: March 1993
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Figure 1
St. Joe Watershed "A" type channels, percent by Iength
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Figure 3
~ St. Joe River, First Order,"A" Type Channels
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Figure 4

St.Joe River-Second Order,"A" Type Channels
Residual Pool Volume
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Figure 5 ﬂ

St Joe River, First Order,"A" Type Channels
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St Joe Watershed "B" type channels, percent by Iength
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Figure 7 | -
St. Joe River, Second Order,"B" Type Channels
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Figure 8
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o Figure 9 |
Coeur d'Alene, First Order,"A" Type Channels
Residual Pool Depth |
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Figure 11,"B" type, Percent 'by length
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~ Figure 12
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Flgure 13

Coeur d'Alene, Second Order,"B" Type Channels
"~ ‘Mn Residual Pool Volume
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